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THE EFFECT OF MUSCULAR EXERCISE ON THE SERUM 
CHOLINESTERASE LEVEL IN NORMAL ADULTS AND IN 
PATIENTS WITH MYASTHENIA GRAVIS 

By H. B. STONEB aijd A. WILSON, From the DepaHment of Pharmacology 
and Therapeutics, University of Sheffield and the Sheffield Royal Infirmary 

(Received 29 August 1942) 

In normal individuals at rest the serum cholinesterase level rem ai ns fairly 
constant. It has been claimed by Richter & Croft [1942] that the effect of 
muscular exercise is to cause an increase, up to 61%, in the serum cholin- 
esterase activity. This is in direct contrast to the findings of Hall & Lucas [1937] 
•who found no material change. We have investigated the effect of muscular 
exercise on the serum cholinesterase level in six normal indi'viduals and in 
eleven patients suffering from myasthenia gra'vis. 

Methods 

Samples of blood were -taken from the antecubital vein of the left forearm 
before and after a period of four minutes of occlusion of the circulation by a 
pressure of 200 mm. of mercury, 'with and ■without exercise. The exercise con- 
sisted in flexion and extension of the fingers, pronation and supination of the 
■wrist and flexion and extension of the -wrist, performed in rotation. 

Observations were made on eleven patien-ts -with myasthenia gra-vis. Two of 
these patients (Cases 16, 17) had not at any time received any prostigmin 
therapy. Nine cases (Nos. 7-15) were under treatment -with prostigmin, and 
blood was -withdra-wn from these patients some time after they were due -to 
receive their next dose of prostigmin. The times at which the last dose of pro- 
stigmin had been given is stated in colunm 1, Table 2. It should be pointed out 
that in all cases the investigations were carried out when the patients ex- 
hibited the signs and symptoms typical of myasthenia gra-ra. The serum 
cholinesterase levels were determined by the manometric method using a 
■Warburg manometer. The method depends on the evolution of carbon dioxide' 
from a bicarbonate buffer solution by the acetic acid from the substrate 
acetylcholine. The experimental details are as follows: 

2-5 ml. of salt solution, 1-25 ml. of 0-154 M sodium bicarbonate, and 3-65 ml 

1 
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THE EFFECT OF MUSCULAR EXERCISE ON THE SERUM 
CHOLINESTERASE LEVEL IN NORMAL ADULTS AND IN 
PATIENTS WITH MYASTHENIA GRAVIS 

By H. B. STONER and A. WILSON, From the Department of Pharmacology 
and Therapeutics, University of Sheffield and the Sheffield Boyal Infirmary 

(Received 29 August 1942) 

In notmal mdividuala at lest the serum cholinesterase level remams fairly 
constant. It has been claimed by Richter & Croft [1942] that the effect of 
mnscnlar exercise is to cause an increase, up to 51 %, in the serum cholin- 
esterase activity. This is in direct contrast to the findings of Hall & Lucas [1937] 
who found no material change. We have investigated the effect of muscular 
exercise on the serum cholinesterase level in six normal individuals and in 
eleven patients suffering from myasthenia gravis. 

Methods 

Samples of blood were taken from the antecubital vein of the left forearm 
before and after a period of four minutes of occlusion of the circulation by a 
pressure of 200 mm. of mercury, with and without exercise. The exercise con- 
sisted in flexion and extension of the fingers, pronation and supination of the 
wrist and flexion and extension of the wrist, performed in rotation. 

Observations were made on eleven patients with myasthenia gravis. Two of 
these patients [Cases 16, 17) had not at any time received any prostigmin 
therapy. Nine cases (Nos. 7-15) were xmder treatment with prostigmin, and 
blood was withdrawn ftom these patients some time after they were due to 
receive their next dose of prostigmin. The times at which the last dose of pro- 
stigmin had been given is stated in column 1, Table 2. It should be pointed out 
that in all cases the investigations were carried out when the patients ex- 
hibited the signs and symptoms typical of myasthenia gravis. The serum 
cholinesterase levels were determined by the manometric method using a 
Warburg manometer. The method depends on the evolution of carbon dioxide' 
ftom a bicarbonate buffer solution by the acetic acid from the substrate 
acetylcholine. The experimental details are as follows; ’ 

2-5 ml. of salt solution, 1-25 ml. of M sodium bicarbonate, and 3-65 ml 
TH. cn. 
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THE EFFECT OF MUSCULAR EXERCISE ON THE SERUM 
CHOLINESTERASE LEVEL IN NORMAL ADULTS AND IN 
PATIENTS WITH MYASTHENIA GRAVIS 

By H. B. STONER and A. WILSON, Erom the DepaHment of Pharmacology 
and Therapeutics, University of Sheffield and the Sheffield Royal Infirmary 

(Received 29 August 1942) 

In normal individuals at rest the Bemm cholinesterase level remains fairly 
constant. It has been claimed by Richter & Croft [1942] that the effect of 
mnscniar exercise is to cause an increase, up to 61%, in the serum cholin- 
esterase activity. This is in direct contrast to the findings of Hall & Lucas [1937] 
who found no material change. We have investigated the effect of muscular 
exercise on the serum choliuesterase level in six normal iudividuals and in 
eleven patients suffering from myasthenia gravis. 

Methods 

Samples of blood were taken from the antecubital vein of the left forearm 
before and after a period of four minutes of occlusion of the circulation by a 
pressure of 200 mm. of mercury, with and without exercise. The exercise con- 
sisted in flexion and extension of the fingers, pronation and supination of the 
wrist and flexion and extension of the wrist, performed in rotation. 

Observations were made on eleven patients with myasthenia gravis. Two of 
these patients (Cases 16, 17) had not at any time received any prostigmin 
therapy. Nine cases (Nos. 7-15) were under treatment with prostigmin, and 
blood was withdrawn from these patients some time after they were due to 
receive their next dose of prostigmin. The times at which the last dose of pro- 
stigmin had been given is stated in column 1, Table 2. It should be pointed out 
that in aU cases the investigations were carried out when the patients ex- 
hibited the signs and symptoms typical of myasthenia gravis. The serum 
chohnesterase levels were determined by the manometric method using a 
Warburg manometer. The method depends on the evolution of carbon dioide* 
from a bicarbonate buffer solution by the acetic acid from the substrate 
acetylcholine. The experimental details are as follows: 

2-5 ml. of salt solution, 1-25 ml. of 0-154 M sodium bicarbonate, and 3-65 ml. 

PH. cm - ‘ 
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of distilled water were saturated with 6% carbon dioxide in nitrogen and 
O'l ml. of blood serum was added. The salt solution consisted of: 

Nad 18-p gm. 

MgSO* (0-164 jlf/1) 20-0 ml. 

CaCl, (0-164 Mfi) 77-0 mL 

KOI (0-164 M/1) 128-0 ml. 

DifltiUed water to 1000 ml. 

3 ml. (equiv. 40/xl. of serum) of this mixture were placed in tbe' centre of the 
reaction' flask. In the side bulb of the flask was placed 0-33 ml. of M/5 acetjl- 
choline chloride in distiUed water. The solution of acetylcholine chloride was 
prepared freshly each day from the same sample of acetylcholine chloride 
(B.D.H.) which was stored in a desiccator over calcium chloride. The apparatus 
was gassed with 6 % carbon dioxide in nitrogen and shaken in the water bath 
at 37° C. until equilibrium was attained, that is in about 10 min. The taps were 
then closed and the acetylcholine solution was added to the main flask and 
shaken at about 106 oscillations per min. Readings of the manometer were 
taken at 6 min. intervals for the first 16 min. and thereafter at 16 min, intervals 
for 1 hr. The readings were plotted against tame and interpolated to give a 
one hour value. The activity of the serum, $co, > calculated from the 

formula: pressure change per hr. in mm. multiphed by the vessel constant 
divided by /xl. of serum. AU estimations were done in duplicate. The umt of 
cholinesterase activity {Qco/j thus represents p.1. CO 2 per /xl. of serum per hour. 


Besuits 

The results of these estimations are tabulated in Tables 1, 2 and 3. 


Table 1. Serum oholinesterase activity of normal adults: (o) before and after occlusion at reat; 
(6) before and after occlusion with exercise 


Ctise no. 
1 
2 

3 

4 
6 
6 


1 

2 

3 

4 
6 
6 




At rest, before 

At rest, after 


occlusion 

ooolnsion 


(units) 

(units) 

Difference 

6-97 

0-17 

+ 0-2 

4-63 

4-96 

+ 0-32 

, 6-80 

6-27 

+ 0-41 

3-67 

3-79 

+ 0-22 

6-20 

6-16 

-0-04 

3-97 

3-10 

-0-87 

(6) 

A 



t 

At rest, before 

After 


occlusion 

ooolnsion 


with exercise 

with exercise 


6-18 

6-36 

+0-18 

4-20 

4-60 

+ 0-30 

6-09 

6-12 

+0-03 

3-41 

3-49 

+ 008 

6-10 

6-16 

-fO-06 

3-61 

3-62 

+ 0-01 


% difference 
in Q (CO^ 
+ 3-3 
+ 6-9 
+ 7-0 
6-2 
_ 0-8 
- 21-8 


+ 3-6 
+7-1 
+0-6 
+2-3 
+ 1-2 
+0-3 
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Serma cholinestetase activity of cases ofiayaEtlienmg™via Tmderptos^ treatment: 
We and after ocdnsion at rest; (5) before and after occlnaton rvrth exerctse 


(ai 


Case 

JTo. of hr. 
since last 
dose of 

Dose of prostigmin 
in mg. and route 

At rest, 
before 
occlusion 

no. 

7 

prostigmin 

3 

of administration 

2-5 subcutaneously 

(units) 

2-77 

8 

10 

16 oral 

480 

9 

24 

15 „ 

7-22 

10 

12 

15 „ 

3-93 

11 

12 

15 „ 

6-77 

12 

24 

15 „ 

i-ll 

13 

24 

16 „ 

3-57 

14 

24 

16 „ 

3-59 

15 

5 

1-5 subcutaneously 

5-02 


At rest, 


after, ‘ 
occlusion 
(units) 

Difference 

% difference 

in Q (CO.) 

2-69 

-o-os 

- 2-9 

4-64 

-0-16 

- 3-3 

6-99 

-0-23 

- 3-2 

4-40 

+0-42 

-blO-d 

6-33 

-0-44 

- 7-6 

4-71 

+ 0-44 

-hlO-3 

3-54 ‘ 

-0-03 

- 0-8 

3-37 

-0-22 

- 6-1 

4-88 

-014 

- 2-7 


I ^ 

At rest. After 

before occlusion 

occlusion vritli 

vri.tb.exerdse exercise 


7 

3 

2-5 Bubcntaneonsly 

2-30 

2-46 

-VO-15 

+6-5 

8 

10 

15 oral 

3-39 

3-20 • 

-0-19 


9 

24 

16 „ 

7-84 

7-46 

-0-38 

-4-8 

10 

12 

16 ,, 

4-23 


-0-18 

-4-3 

11 

12 

16 „ 

4-94 

4-63 

-031 

-6-3 

12 

24 

15 „ 

3-60 

3-31 

-0-19 

-6-4 

13 

24 

15 

3-51 

3-49 

-0-02 

-0-6 

14 

24. 

15 „ 

5-67 

6-51 

-016 

-2-8 

16 

6 

1-6 subcutaneously 

4-60 

4-74 

-f014 

-1-3-0 


Table 3. Serum cholinesterase activity of cases of myasthenia gravis not under any treatment: 
(o) before and after occlusion at rest; (6) before and after occlusion with exercise 

(a) 


Case no. 

16 

17 

r 

At rest, before 
occlusion 
(units) 

2-97 

1-92 

(5) 

. - -A 

At rest, after 
ocduaon 
(nufts) 

3-11 

2-94 

Difference 

+0-14 

+0-12 

% difference 
in <3 (CO,) 

+4-5 

+6-2 

16 

17 

t 

At rest, before 
occlusion with 
exercise 

3-27 

2-38 

1 

After occlusion 
with exercise 

3-37 

2-31 

+0-10 

-0-07 

+3-06 

-2-9 


Dibctbsion 

In normal individuals, in tlxe control series of occlufflon witliont exercise, tliere 
•was no apparent variation in the individual levels during a period of occlusion 
of the circulation for i min. Nor was there any significant difference in the 
serum cholinesterase level as a result of muscular exercise. 'While oux observa- 
tions were made during occlusion of the circulation, and are not directly com- 
parable with those of HaU & Lucas [1937], and Richter & Croft [1942], our 

1—2 
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conclusions are in the main in agreement with the conclusions of the former 
workers. This suggests that the cholinesterase level of the serum in normal 
individuals is relatively stable, and that it does not alter under normal 
physiological conditions. 

In the control observations, occlusion of the circulation without exercise 
produced an increase of 10 % in the cholinesterase activity of the serum in two 
of the patients with myasthenia gravis who were under prostigmin treatment 
(Table 2). In the experiment with exercise during occlusion of the circulation 
there was no significant change in the serum cholinesterase activity of any of 
the patients in this group as a result of the exercise. 

The untreated patients with myasthenia gravis (Table 3) showed no signi- 
ficant change in the cholinesterase activity of their serum as a result of 
occlusion of the circulation, with or ■without exercise. 

It would thus appear that, as far as the cholinesterase activity of the serum 
is concerned, the myasthenic person, whether imder treatment ■with prostigmin 
or not, responds to exercise during occlusion of the circulation in a manner 
similar to that of the normal indi^vidnal. 

Summary and conclusions 

The effect of exercise during occlusion of the circulation, on the serum cholin- 
esterase activity was observed in 6 normal adults, 9 patients ■with myasthenia 
gravis who were under prostigmin treatment and 2 untrea^ted patients with 
myasthenia gra^vis. 

In normal persons and in patients ■with myasthenia gra'vis (whether under . 
prostigmin treatment or not), no significant change in the serum cholinesterase 
actiidty was observed as a result of muscular exercise during occlusion of ■the 
circulation. 

Out thanks are dne to Professor jE. J. Wayne, Dr A. G. Yates, Honorary Physioians to the 
Shef&eld Royal Infirmary and to Dr D. H. Collins, Medical S'nperintendent of an EAIH. Hospital 
for access to the cases under their care. It is a pleasure also to acknowledge onr apprematdon to 
Mr E. Salvia for technical assistance. The expenses of this work were partially defrayed by a grant 
from the Medical Research ConnoU to one of ua (A, W.). 
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THE EFFECT OF TEMPERATURE ON BLOOD FLOW AND 
DEEP TEMPERATURE IN THE HUMAN FOREARM 

By H. BARCE.OFT and 0. G. EDHOLM, From tlie Department 
of Physiology, The Queen's ‘University, Bdfast 

• [Received 25 September 1942) ' 

The plethysmographic method of Le-wis & Grant [1926] for measuring blood 
flow in the human forearm involves placing the limb in water at a constant 
temperature to avoid the effect of temperature change on the blood flow. The 
water temperature chosen by various authors has varied from 45° C. [Prinz- 
metal & Wflson, 1936] to 14° C. [Abramson, Katzenstein & Ferris, 1941], but 
temperatures ran^g from 30 to 37° C. are more usually employed [Lewis 
& Grant, 1925; Grant, 1938; Abramson, Zazeela & Marrus, 1939]. Using this 
latter temperature, various workers have found that after the first 30 min. the 
blood flow remains fairly steady with slight irregular fluctuations [Grant, 1938; 
Abramson ef al. 1939], The blood flow at higher temperatures has not been 
carefully studied. Freeman [1935] made an extensive study of the effect of 
temperature on the circulation in the hand, but there is no comparable work 
on the forearm. 

The present paper describes the variations in blood flow as a result of 
changes in the temperature of the surroumding water. .The results have been 
obtained under standard conditions from a group of healthy subjects. Deep 
muscle temperature has also been investigated. Lefdvre [1911] found that 
immersing the human limb in water-baths at temperatures ranging from 5 to 
35° C. had no effect on the temperature 1 cm. below the fascia. Grant & 
Pearson [1938], with the arm cooling in air at 15° C., found that the deep 
muscle temperature fell 4-7° C. in 76 min. Macleod, Self & Taylor [1920] found 
a rise in temperature in the gluteal muscles of the rabbit when hot pads were 
applied to the overlying skin, and Macleod & Taylor [1921], also using the 
rabbit, obtained a fall of 4° G. in muscle temperature} 1-5 cm. below the 
surface, after 1 hr. exposure at 15° C. Contrary to Leffevre, we have found 
considerable changes in deep muscle temperature when the limb is placed in 
water-baths at different temperatures, and these facts ate related to many 
phenomena in physiology, biochemistry and medicine. 
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Methods 

Forearm temperature was varied by altering the temperature of the bath in 
which it was immersed. Forearm blood flow was measured plethysmographically 
by the method of Lewis & Grant [1926]. Our procedure difiered from the 
original in a few points. A wateirtight forearm fit was made by closing each 
end of the plethysmograph with a detachable 0'26 in. thick Admiralty rubber 
sheet diaphragm with a central hole carefully cut to fit the contour of the 
sub] ect’s forearm nicely but not tightly. The diaphragms were firmly secured 
to the ends of the plethysmograph by wing nuts and b’plts which pierced 
successively 1 in. flanges on the ends of the plethysmograph, the rubber 
diaphragms, and detachable brass plates. Each plate had a central hole large 
enough for a big forearm. The plate at the lower end of the plethysmograph 
was cut into two halves, to enable the hand to go through. Besides squeezing 
the diaphragms against the flanges the plates prevented them from bulging 
outwards, though the thickness of the rubber was probably sufficient to have 
prevented this in any case. The diaphragms were secured to the skin by thin 
sheet rubber cuffis 2 in. long fijxed to the skin with rubber flooring cement. 
In a few experiments the cuffs were replaced by a short ‘made to measure’ 
sleeve of the same material attached above and below round the holes in the 
diaphragm [cf. Grant & Pearson, 1938]. In either case a watertight fit was 
obtained, and successive 2 c.c. increments in the water content of the plethys- 
mograph were each accompanied by an equal movement of the writing point 
of the float recorder. To fit the plethysmograph to the forearm the components 
were put on separately and then bolted up. 

The opening in the plethysmograph through which variations in forearm 
volume were transmitted to the recording system was 1 in. in diameter. The 
vertical glass tube above it was 1-25 in. in diameter. The basic level of the 
water in the vertical Imbe was adjusted to be about the same as that of the 
water in the bath in which the arm and plethysmograph were immersed; at 
the higher temperatures used the level sometimes had to be readjusted because 
the forearm swelled. Abramson et al. [1939] show the importance of these 
points. 

Thirty seconds before a tracing of the flow was taken the circulation through 
the hand was arrested by throwing an air pressure of about 200 mm. Hg mto 
a sphygmomanometer cuff round the wrist [Grant & Pearson, 1938]. Time 
spent calculating the flows from the tracings was saved as follows. For each 
experiment a time constant T was calculated from the formula 


where V is the volume of the forearm contained in the plethysmograph in 
100 C.C., and D is the vertical distance, in cm., described by the writing pomt o 
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tie float lecoidei pet 1 c.c. inciease in. tlie fluid content of the pletliysmograpli. 

To find tlie blood flow firom any given tecoid a sloping line was diavoi tbrongb 
tbe sloping part of tbe tracing recorded after application of tbe collecting 
pressnre and produced to cut tbe boriaontal line of tbe seconds time marker. 

A borizontal distance equal to T sec. was measured along tbe time tracing 
from tbe point at wbicb it was cut by tbe sloping line. Tbe vertical distance 
from tbe point thus obtained to 'tbe sloping line was measured with a cm. rule, 
and tbe figure obtained was tbe blood flow in c.c./lOO c.c. forearm/min. 

Forearm deep temperature was taken in tbe depths of tbe dorsal ante- 
bracbial muscles near tbe periosteum of tbe lateral surface of tbe radius about 
1 in. below tbe bead of tbe bone. A standardized tbermocouple galvanometer 
circuit was used [Lewis, 1924]; tbe test junction lay about 1 mm. from tbe 
point of a fine bypodermic needle. Tbe relative accuracy of tbe readings was 
about 0‘1° C., and tbe absolute accuracy about 0-26° 0. 

Evperimenial technique 

Approximately seventy experiments were carried out on five normal men 
aged 25-40. Tbe blood flow and deep muscle temperature were measmed in 
one forearm which was immersed in water kept at a constant temperature 
tbrougbout tbe experiment. The temperatures employed were 13, 20, 25, 30, 
32, 35, 38, 40, 42-6, and 45° C. 

Tbe pletbysmograpb was fastened into position on tbe arm; this took from 
7 to 16 min. The subject then reclined on a couch with bis bead and shoulders’ 
raised, so tbe arm could comfortably be placed in a water-bath lying by bis 
side. In this position tbe forearm lay at tbe same level, or just below, tbe 
heart. Tbe needle carrying tbe tbermojunction for measuring tbe deep muscle 
temperature was then inserted through tbe skin and fleshy part of tbe 
bracbioradialis muscle, and the arm and pletbysmograpb immersed, to a point 
just above tbe elbow, in water at tbe chosen temperature. Tbe pletbysmograpb 
was filled with water at tbe same temperature; tbe sphygmomanometer cuEEs 
were placed on tbe arm and tbe wrist, and tbe first reading taken. A note was 
made of tbe forearm used, of tbe time when it Vas first exposed, and tbe time 
it was immersed in water. Observations were made at 6 Tnin intervals of the 
following: deep forearm temperature, forearm blood flow, water-bath tem- 
perature, water temperature in tbe pletbysmograpb. Room temperature; 
which varied from 16 to 20° C., was noted at approximately 15 min. intervals- 
pulse rate, blood pressure, and mouth temperature were noted at regular 
intervals in many of tbe experiments. Tbe water-bath temperature was kept 
constant throughout tbe experiment to within a few tenths of a degree Tbe 
duration of each experiment was usually 2 hr., but in several cases more 
extended observations were made. In one subject, the effects of several of tbe 
water temperatures were examined in one sitting; in one case three tern'- 
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peratrores below 37° C., and in another fonx temperatures ranging from 38 to 
46° C. Each water temperature was kept constant for the usual 2 hr. and then 
the temperature was changed to the new level. Prolonging the experiment 



and 42-6° C. and the auatained flow at 46° -C. 

had no adverse psychological effect. The seventy experiments were spread 
over a considerable time, so that observations were made at all the seasons 
of the year. 
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Results 

In Kg. 1 is shown the average blood flow expressed in c.c./niin./100 c.o. 
forearm, for the same five individuals at different water-bath temperatures. 
The curves shown for water-baths of 20 and 32“ C. are the averages of three 
individuals only. The data for the first 15 min, in the water-bath are in- 
complete, owing to the time taken completing preparations for recording the 





35' 


30“ 


20 “ 


Fig. 2. Subject 0. G. E. Each tracing was recorded approimatelv the rutua « a 

of the forearm in water at the temp^rat^indicat^.^^e 

colder thea 36" C. ta . eonrtricta 

mciewed Mood Sow and ™„-diktetion i. prodoMf w » ? .'‘“T' ^ 

temperature than 35“ C. At the highest temneratnr ^ 

were very considerable; in one subject at C Tu 

28 c.c./min./100 c.c. forearm. In Fig. 2 individuni fl’ reacheo 

one subject at different temperaturL are thotn ohtam^S. fron 
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The flow-time relations can be considered under' three heads; 

(a) 13-36° 0. After the first 16 min. the fliow remains almost constant. 
There is a slight decrease on the average over the ,2 hr., as shown in Table 1. 
Fluctuations in the individual curves from one reading to the next are small 

Table 1. Blood floirs, averages of five mdividuala, in TTater-batliB below body temperatiire. The 
flows are given in 30 min. averages, ignoring the flows for the first 16 min. The periods 
are indicated in terms of time in minutes after immersion 


Bath 

temp 


Blood flows (mm.) 


"Cf 

16-46 

45-76 

76-105 

105-end 

36-0 

4-1 

4-4 

4-26 

4-10 

32-0 

2-65 

2-26 

2-1 

2-1 

300 

1-66 

1-62 

1-76 

1-8 

26-0 

0'86 

0-72 

0'6 

0-66 

20-0 

0-46 

0-43 

0-64 

0-6 

13'0 

0-62 

0-48 

0-4 

0-33 


(b) 37-42-6° C. The flow increases steadily and rises to a maximum, the 
time of the peak varying from one individual to another, but averaging 1 hr. 
from the beginning of the experiment. The flow then steadily diminishes during 
the next hour. This rise and faU has been found in aU individuals examined 
at these temperatures. The ‘up and down’ character of the blood flow increases 
with rise in water-bath temperature, and it varies in degree with different 
individuals. In some it is prominent at 37° C., in others it is only at a higher 
temperature that the up and down is conspicuous. The peak flow occurs earlier 
on the average the higher the temperature; at a water-bath temperature of 
38° 0. the average peak time was 70 min., and at 42-6° C. this was reduced 
to 66 min. 

(c) At 46° G. the blood rises rapidly to a maximum within 30 min., but 
instead of dying away, as in the temperature range 37-42-6° C., the flow 
remains almost constant at this maximum, or may sbghtly increase over 
the 2 hr. In aU subjects examined there is a striking contrast in the blood flow 
at this temperature and at the lower temperatures. 

An important point established by the above result is that at 37-42-6° C. 
the blood flow does not stabilize, at least not within 2 hr. Some experiments 
were carried out for much longer periods at, 37° C. In Tig. 3 is shown the 
blood-flow curve for one individual at this temperature over a period of 5 hr. 
After the preliminary rise and fall there are no further major fluctuations. 

In most experiments a fluctuation in flow from one reading to the next was 
fonnd. These variations do not appear in Tig. 1, as they are smoothed out by 
averaging five different curves. In Tig. 3 the flow for an extended period for 
one individual is shown, together with a flow for 3 hr. at 42-6 C. Here the 
fluctuations are clearly seen. They have been described by others, including 
Abramson et al. [1939j, who stated that these fluctnations were less marked 
at 46° C. than at lower temperatures. The interval between tbe crests of 
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fluctuations is variable, from 10 to 45 min. The degree of fluctuation also vanes 
considerably from one individual to'anotber. In view of Abramsons obser- 
vation that these waves are less prominent at higher temperatures, an a^mpt 
has been made to estimate their frequency at different temperatures in differen 



Tiiae in hr. 


Fig. 3. Suhjeot A. S. E. Shows tie flnotnations in flow, more maxied at tie high er temperature, 
and the absence of any farther major deviation after the np and down in tie lower onrve. 

individuals. This was done by drawing a smooth curve over the actual curve 
obtained in individual experiments, and the degree of fluctuation from this 
smooth curve estimated. Minor fluctuations were ignored, only fluctuations of 

Table 2. Ilegree of finotnation of blood flow at Tariona water-bath temperatniea 

Water-bath temperatnro 

. A. 

Subject 45 0° C. 42-6'’ C. 40 0“ C. 38-0“ C. 

N. C.H. 7 7 3 1 

O. G. B. 8 8 6 1 

A. S. E. 13 7 4 4 

T. F. 6 6 6 1 

H. B. 9 6 4 5 

more than 1 c.c. were counted. Table 2 shows the results obtained, the degree 
of fluctuation increasing with rise of temperature, so we find that fluctuations 
at 45“ C. are more nvuneious than at any lower temperature. 

The constancy of flow was also investigated. Mows were measured in the 
same individual at the same temperature on different occasions, and in some 
cases these measurements were spread over as long as a year. Averaging the 
flows and estimating the standard error showed that the greatest variation 
occurred during the earUer part of the flow measurement. After the first hour 
the standard error decreased, and by the end of 2 hr. flows were strikingly 
constant. The variation chiefly affected the peak flows and was more marked 
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at liigher temperatures. As there may' be many minor factors affecting the 
flow, such as seasonal differences, four flows at 42-6° C. were measured on the 
same mdividual over a period of 14 days. The results are shown in Kg. 4. 
Once more the peak flow is variable, but for the last 60 min. the flows are 
closely similar. 



Erne in min. 

Kg. 4. Subject O. Q. E. Four blood-flow ouiwes each after the forearm had been immersed In 
water at 42-6° 0. Shows the dose agreement between the readings during the last hour. 

It was possible during the long series of experiments to observe the effect 
of sleep. Ingram [1936] found that cutaneous vaso-dilatation followed sleep, 
and we have observed that a rise in skin temperature together with a definite 
diminution of blood flow coincided with the onset of sleep, or occurred within 
a few minutes. This diminution of flow was maintained for approximately 
16 min, and then frequently increased again to the previous value. Abramson 
et al. [1939] observed this diminution in flo,w in the hand. 

The average forearm blood flow 

Valuable inferences regarding the circulation have been based on a com- 
parison of the normal average forearm flow with that foimd in abnormal 
conditions, such as after sympathectomy [Grant & HoUing, 1938], in hyper- 
thyroidism [Abramson & Fierst, 1941] and in shock [Freeman, Shaw & Snyder, 
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3. OompaiisOTk. ot foT blood flo^jr obtained by ^jtevibua wotkera (colomn B) and in 

present investigation (column A), The flows are given in c.o./lOO o.o. foreann/min. 


Bath 

Blood flow 

Boom 


temp. 

i 

A ^ 

temp. 


-a 

A 

B 

“C. 

Author 

10-16 

0-6 


17 




0-7 

27 

Ahramson ef ol. [1939] 

200 

0-5 


17 

' 

24-0 


1-66 


Prinzmetal & WilBon [1936] 

26-0 

0-7 


17 


300 

1-6 


17 




1-6 

16 

Grant & Pearson [1938] 

32-0 

2-3 


17 




1-5-2-6 

27 

Abramaon ei al. [1939] 

360 

4-3 


17 


37-0 

6-9 


17 




6-0 

22-26 

Knnkel, Stead & Weiss [1939] 

45-0 

17-6 


17 




8-9 


Prinzmetal & Wilson [1936] 



160 

27 

Ahramson. et al. [1939] 



Blood flow, o.o./lOO 0 . 0 . foroann/min. 
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1936], The large namber of blood-flow readings obtained during this investiga- 
tion enable us to calculate the average flow at various water-bath temperatures. 
The readings taken during the first 30 min , of the flows have been neglected: 
as shown above this is the period of greatest variability, and the initial flows 
may be affected by previous muscular activity. 

The average of the 6 min. readings of the flows from the end of 30 min. in 
the water-bath up to the end of the second hour are shown in Table 3, in 
which the averages obtained by other workers are also given. The averages 
for flows at water temperatures of 38, 40, and 42-6° 0. are not mcluded, since 
at these temperatures the flow exhibits a rise and fall over the period of 2 hr. 
Comparing our figures with those obtained by other workers, there is a fair 
measure of agreement. This is the more striking when the different conditions 
that obtained are considered. Abramson and his colleagues, for example, 
worked at an average room temperature of 27° C., as opposed to the average 
room temperature of 17° C. employed by English workers. 

In Pig. 6 the in^vidual flow readings have been plotted against water-bath 
temperature. It will be seen that there is a fairly abrupt increase of blood flow 
at approximately body temperature. The average flows below 37° C. are very 
nearly the same in all individuals examined. At higher temperature there 
is considerable variation from one individual to the next. At 46° C. the 
average figures for five different subjects are ITO, 14'2, 17’6, 19-2 and 
26-4 c.c./min./lOO c.c, forearm. 

Deep muscle temperature 

The deep muscle temperature depends on at least five factors: (1) the water- 
bath temperature, or environmental temperature; (2) the length of the 
experiment; (3) the rate of blood flow; (4) the body temperature; (6) the local 
metabohc rate. 

Water-bath temperature. Fig. 6 shows the average deep muscle temperature 
of the five subjects at 6 min. intervals for 2 hr. after immersion at the given 
temperature. The point at which the temperature was measured, about 1 in, 
below the skin covering the brachioradiahs muscle, is not far from the middle 
of the thickness of the forearm. When the water-bath temperature equals 
body temperature heat is not lost or gained from the arm, and the deep muscle 
temperature reaches an equihbrium point equal to body temperature or 
slightly above it owing to the local metabolic production of heat. At higher 
bath temperatures the rise in muscle temperature becomes gradually less 
with each increase in bath temperature. The average deep muscle temperature 
in baths at 42-6 and 46-0° C. is identical, 39-0° C. In fact, in some individuals 
the deep muscle temperature actually decreases on raising the bath from 
42-5 to 46-0° C. At all bath temperatures above body temperature the deep 
muscle temperature is lower than that of the bath. 
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At tjath temperatures beW S7-0° C. tbe deep muscle temperature is 
invariably bigbet tbau that of tbe batb, from 32-0 to 20-0° C. bemg approxi- 
mately 2-6“ C. above; at lower batb temperatures there is a greater difference 
between batb and muscle temperature, being from 4 to 5° C. Hgber with a 
water-batb of 13° C. When tbe arm is immersed in these cold batbs, tbe 
sensation of cold only persists for some 10 min. There is no discomfort, but 
when the arm is taken out of the bath after 2 hr. or more muscular movements 
are dif&cult to perform and are very slowly executed [Lewis, 1941]. Generalized 



Time in min. 


Fig. 6. Average deep muscle temperature at different water-ljath temperatures, five subjects. 

The arm was placed In the water at time 0. 

shivering is not induced. The hot baths are comfortable up to a temperature 
of 42-5° C., but 45-0° C. is about as hot as can be tolerated by the average 
individual. An attempt was made to estimate the flow at a higher temperature 
but this was found to be impossible because of the pain, which k felt mainly 
in the fingers. These hot arm baths induced sweating. 

Length of the experiments. It takes a considerable time for the deep muscle 
temperature to come into equilibrium with the water-bath temperature 
particularly in cold baths. In water-baths below 35-0° C. the deep tissues cool 
contmuously for at least 1 hr. before coming into approxiniate equilibrium 
with the bath temperature. The equilibrium time steadily increases with lower 
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water-bath temperature, and after 2 hr. in a water-bath at 13° 0. the deep 
muscle temperature may still be falling slightly. Water-baths above body 
temperature raise the deep muscle temperature, but equilibrium is reached 
more quickly from 40 to 60 min. after immersion. Water-baths at body 
temperature also affect the deep muscle temperature, because this has usually 
cooled during the application of the plethysmograph, so at aU bath tem- 
peratures it takes a considerable time for the deep tissues to come into 
approximate equihbrium with the bath temperature. It is clear that the 
temperature throughout the whole thickness of the forearm is dependent 
upon that of the water surrounding the.hmb, since the deep temperature is 
initially approximately the same in all experiments and diverges within 
10 min. after immersion. 

Blooi flow. It was stated above that the deep muscle temperature may 
actually fall on raising the water-bath temperature from 42-6 to 46-0° C. This 
is due to the greatly increased blood flow at the higher temperature. The 
temperature of the blood entering the arm is not higher than 37-0° 0. and to 
a rapid blood flow will cool the arm and prevent a greater rise of deep tem- 
perature. The very rapid fall of deep muscle temperature when the arm is 
placed in a cold bath is due to the greatly decreased blood flow, which at 
bath temperature of 13-20° C. may sometimes be almost imperceptible. 

Body temperature. The body temperature affects the deep muscle tem- 
perature by altering the temperature of the blood entering the arm, and body 
temperature is' affected by the water-bath temperature. Under the experi- 
mental conditions adopted, the subject is lying at rest on a conch for at least 
2 hr. During this time, even without the arm in a water-bath, there is a 
gradual progressive fall of body temperature, decreasing pulse rate and a slight 
faU of blood pressure, as the subject approaches a basal metabolic rate. The 
water-bath into which the arm is placed will either accentuate or diminish this 
fall of body temperature. With cold baths the increased fall in temperature 
is not marked, because the blood flow is very small. But when the water-bath 
is raised above 37-0° C. there is a sharp rise of body temperature, as the large 
volurne of blood flowing through the arm is heated. In each individual the 
/body temperature differs by approximately 1° C. with the arm in the coldest 
and hottest baths employed. In hot baths there is an initial rise of body 
temperature, a plateau and a gradual fall. In cold baths there is a steady fall. 

Metabolic production of heat in arm. The effect of local metabolism on tissue 
temperature coxfld not be measured directly and has not been further 
considered. 

Discussion 

Grant [1938] described a very gradual diminution in blood flow which some- 
times occurred after the first 30 min. using a water-bath of 30 C. This can be 
also seen in our curves at 32 and 26° C. in Fig. 1. Grant tentatively suggested 
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in a footnote tkat tbe explanation might he a progressive d^ntion in the 
concentration of a circnlating adienaline-like substance, used up d^g the 
prolonged rest. As Jig. 6 shows, the temperature of the muscle falls pro- 
gressively for a very long time and the effect seems probably due to a gradual 

We have found no suggestion of an increased flow in cold baths, although 
Hein & Schneider [1930] found an increased flow in dogs’ limbs, when the 
animals were exposed to a cold blast of ait. This often induced shivering, which 
may account for the different finding. 

Jrom the theoretical standpoint the main new fact is the behaviour of the 
blood flow when the forearm is in moderately hot water (37-42-6° G.). We are 
at present unable to explain why the flow should diminish progressively during 
the second hour*, or why it does not do so in water at 45-0° 0. The following 
possible factors have been considered. Mechanical obstruction due to oedema 
of the arm is not responsible, since the die away does not occur at 45-0° 0. 
when any possible oedema would he more marked. Herrick, Essex, Mann 
Baldes [1934] found an increased blood flow in the hindlimbs of dogs after 
a meal and persisting feom 2 to 6 hr. However, we have not found any relation 
between the taking of a meal and the presence of the die away, which occurs 
both when the flow is measured immediately after a meal and after a 12 hr. 
fast. Changes in blood pressure are unlikely to be of importance, as we have 
found only a trivial alteration during our experiments. 

The die away can also occur in a sympathectomixed limb, but in one case 
of sympathectomy we found a marked die away in the normal limb, and only 
a slight die away in the sympathectomized arm. The die away can occur, in 
our experience, in the absence of the sympathetic, but it is possible that the 
sympathetic nervous system plays some part in the production of this 
phenomenon. That the fall might be due to the gradual fall of the general 
metabolic level towards basal conditions seemed possible. But we have found 
that after a prolonged rest on the couch for 3 hr., the subsequent flow with the 
arm in water at 42-5° C. for the next 2 hr. exhibited a typical rise and die away. 
Grant [1938] has suggested the diminution of a circulatory adrenaline-like 
substance. If there is such a substance it did not diminish during the preceding 
rest. One experiment we have carried out suggests the possibility of a vaso- 
dilating factor being washed out from the arm during an increased flow. The 
arm was placed in water at 38° C. for 2 hr., and then the -water-bath was 
heated to 40-0° C. and the flow measured for the next 2 hr. On this occasion 
the die away was very slight, the flow not reaching a marked peak but remaining 
fairly constant. .The same subject has been repeatedly examined at the same 
temperature and at 42-6° C., and on all other occasions has shown a well- 
marked rise and die away of blood flow. It is therefore possible that the 
prelmnnary heatmg of the arm for 2 hr. washed out a vaso-dilating substance. 

*DtT rrrr 

2 
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JNatufl [1910] found that the blood vessels of the isolated rabbit’s ear re- 
sponded to local beat by vaso-dilatation which, was followed by a partial 
recovery of tone. This experiment suggests that the die away is possibly a 
local effect. 

From the point of view of the use of the forearm flow method in attaokiiig 
circulatory problems it is evident that, if for some reason the forearm is to be 
surrounded by water between body temperature and 4:2-5° C., the normal rise 
and fall for the first 2 hr. must be taken into accoimt, both in planning the 
experiment and in interpreting the results. It is of interest in this connexion 
that we found a fairly constant flow with the arm immersed in water at 
37-0° C. from the end of the second to the end of the fifth hour (Fig. 3). There 
was no evidence that continuing the flow recording for this period was upset 
by psychological disturbanSes. 

The contrast between flows up to 42-6 and 46-0° C. is difficult at present 
to understand. Lewis & Love [1926] described the reflex flush of the skin 
produced by water-bath of 43—44° C. This reflex flush they considered to be 
indicative of the release of histamine, the first stage in tissue damage. It is 
not possible to say if there is any connexion between these two observations, 
except to point out that a change in the character of the blood flow appears 
to coincide with the first signs of tissue damage due to heat. 

Since the forearm contains about 60% muscle [Abramson & Ferris, 1940], 
it is generally assumed that muscle flow contributes substantially to that 
measured by the plethysmograph. It seems almost certain that part of the 
increase in flow which occurs at high temperatures must be traversing muscle. 
Moderate heat is known to cause vaso-dilatation in blood vessels in brain 
[Florey, 1925], pancreas [Natus, 1910], kidney, liver spleen, the isolated 
extremity, and in the rabbit’s ear (for references see Lewis [1929]). Since the 
forearm muscle temperature, even near the middle of the limb, is influenced 
by the temperature of the water surrounding the limb, it is almost certain 
that the blood flow is equally affected. Other considerations also support this 
conclusion. The volume of skin in the forearm is approximately 13 % [Abramson 
& Ferris, 1940]. The resting blood flow is approximately 4 c.c./lOO c.c./min.; 
in the bath at 46-0° C. flows of 28 c.c. have been recorded. If it is assumed that 
the whole of the extra flow was passing through the skin, this would give a 
figure of 184 c.c./min./lOO c.c. skin. Wilkins, Doupe & Newman [1938] found 
a peak flow of 120 c.o./min./lOO c.c. finger. This was for the two terminal 
phalanxes only, and they state that the blood flow decreased in the middle 
phalanx, being one-third of that in the terminal phalanx. For the whole finger. 
Grant & Pearson obtained a flow of 30 c.c., indicating a diminishing blood 
flow in the finger &om the terminal phalanx proximally. The finger contains 
approximately 60% skin [Wilkins et al. 1938], which gives, on Grant & 
Pearson’s findings, a flow equal to 60'c.c./100 c.c. skin. The blood flow m the 
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■whole hand is greater per volume than that of the forearm [Abramson k I'erais, 
1940], 60 a figure of 184 c.c./lOO c.o. forearm sldn is absurd. It is therefore 
reasonable to conclude that a considerable proportion of the increased blood 
flow at high temperatures in the forearm traverses the muscle. 

In hot baths the skin temperature -will be raised more rapidly than the 
deep muscle, and cutaneous vaso-dilatation should also be more rapid. But 
the blood flow climbs comparatively slowly, roughly parallel to the rise in deep 
muscle temperature, or lagging slightly behind. This observation also supports 
the -view that the extra blood flow involves muscle vessels as well as skin, 

fiUMMASV 

The blood flow and deep muscle temperature have been measured in the 
human forearm for 2 hr. after its immersion in water at temperatures ranging 
bom 13 to 45-0° C. 

The average forearm blood flows range from 0-6 c.c./lOO c.c. forearm/min. 
at 13-0° C. to 17-6 t.c. at 46-0° C. 

The flow time relations fall into three groups: 

(a) 13-36*0° C. Slight decrease in flow during the 2 hr. Not conspicuous 
“mept in first 16 min. 

(5) 37-42'6° C. The flow increases 'to a maximum in about 1 hr., then 
decreases steadily. 

(c) 46*0° C. Increases to a maximum in 30-46 min., then remains constant. 
The significance of these time relations is discussed. 

The higher the water temperature the more frequent are the spontaneous 
fluctuations in blood flow. 

The deep muscle temperature not far from the middle of the thickness of 
the upper part of the forearm ranged from 18*0° C. after 2 hr. immersion at 
13*0° C. to 39*0° C. after 30 min. immersion at 42*5— 45*6° C. 

The authors sincerely thank Dr K. T. Grant for his valuahle advice about the measurement of ' 
forearm blood flow. They also thank the Bubjeote A. S. E., T. E., and N. 0. H. for their asaistanee. 
The expenses of this research were defimyed by a Grant from the Eoyal Society Government Grant 
Committee to H. B. 
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ON SYMPATHETIC VASOCONSTRICTOR TONE 
IN HUMAN SKELETAL MUSCLE 
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Biilbrmg & Btini [1935, 1937] have sKown that the sympathetic nerves to the 
skeletal mnscles in dogs, cats, hares, rabbits and monkeys have a vaso- 
constrictor component. Anrep, Blalock & Samaan [1934] and Baetjer [1930] 
have fonnd sympathetic vasoconstrictor tone in resting dog and cat muscle. 

In man the position is not dear. Sympathectomy is sometimes performed in 
the expectation of releasing constrictor tone in muscle and so quickening blood 
flow. But evidence that it would do so seems lacking, for Woollard & Phillips 
[1932], Friedlander, Silbert, Bierman & Laskey [1938] and Grant & HoUing 
[1938] blocked human motor nerves but could' not detect any rise in tem- 
perature in or over the muscles. 

ExPEEuiEirrAi, 

Gilding [1932] showed that the sympathetic fibres to cat’s muscle travel in the 
^nixed peripheral nerves; he reviews the literature. Our method was based 
on the assumption that, if such fibres existed in man, they would reach their 
destination by the same route. K so, just above the elbow, the sympathetic 
to the musculature of the forearm would be in the radial, median and ulnar 
nerves deep to the deep fascia. At this level the sympathetic to the forearm 
skm, which accompanies the cutaueoxis nerves [Lewis, 1929], would be in the 
subcutaneous tissue in the antebrachial cutaneous nerves. Therefore blocking 
the deep nerves would leave the sympathetic path to the forearm skin intact 
but would release any sympathetic vasoconstrictor tone there might be in the 
forearm muscles; the significance of the vasoconstrictor tone in the muscle 
could be judged by the change in the forearm blood flow as shown by Lewis 
& Grant’s [1926] plethysmographic method. 

Comparison of the forearm flows before and after blocking would have been 
open to the objection that a difference might have been the result of a variation 
in the blood pressure or circulating vasomotor substances. 'Therefore, after 
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blocking, the flow in the paralysed forearm was compared with that in the 
opposite normal one. 

The temperature of the forearm muscles was kept at about its normal level 
by immersing the limbs in water at 36° C. [Barcroft & Edhohn, 1943].. 
Experimental and natural release of tone would then be expected to increase 
foresirm muscle flow by about the same extent. 

Methods 

The subjects were healthy men, aged 20-40. Boom temperature was about 
18° C. The techmque for blocking the deep nerves was developed by W. B. 
The local anaesthetic was 4 % procaine and 1 in 50,000 adrenaline, the solution 
used by WooUard & Phillips [1932]. 

The subject lay down to avoid a feeling of faintness apt to occur during 
blocking of the nerves if seated. Except in very thick arms the radial nerve 
on the left (test) side was' located by ro llin g it under the finger near the 
junction of the upper and middle two-thirds of a line joining the insertion of 
the deltoid to the lateral epicondyle of the humerus. The hypodermic needle 
was directed towards the nerve till painful tingling was felt in its peripheral 
distribution. After verifying that the needle was not in a vein gentle pressure 
was made on the plunger. If any resistance was felt the needle was withdrawn 
a little to avoid rupturing the nerve sheath. 2-3 c.c. of anaesthetic was then 
infiltrated. The median nerve was located about 1 in. above the bend of the 
elbow near the branchial artery and anaesthetized; then the ulnar at the back 
of the medial epicondyle of the humerus was similarly treated. 6-10 min. after 
blocking, the peripheral distribution of each nerve showed signs of sensory and 
motor loss. Occasionally it was necessary to infiltrate more anaesthetic. 

Lewis & Grant [1926] plethysmographs were fitted to each forearm as 
described by Barcroft & Edhohn [1943]. The subject sat up on a couch between 
the water-baths, and the preparations for recording the forearm blood flows 
were completed. 

By this time the musculature below the elbow of the test forearm was 
usually paralysed and the hand nearly anaesthetic. WooUard & PhiUips [1932] 
obtained little or no paralysis; we cannot explain this curious discrepancy. 

Grant & Pearson’s [1938] technique for inscribing the blood flows was 
foUowed. Simultaneous records of the test and control forearm flows were 
made at 6 min, intervals tiU a sequence of five si mil ar records for averaging had 
been obtained. The circulation through the hands was always arrested while 
the tracings were being taken. 1^2 hr. after blocking movement and sensation 
began to return. The next day they were normal; there was some tenderness 
where the arm had been injected. In one subject there was a smaU area of 
paraesthesia which disappeared in 4r-6 weeks; in this case the anaesthetic had 
been forced in against resistance. 
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Resttl-ts 

The resnits are 8llo^TO m Table 1 (I) and Fig. 1 (I). Fig. 2 shows a tracing. 
In every experiment the test forearm was hyperaemic. The average blood flow 
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Pig. 1. The captions denote the condition of the test forearm. Ordinates: difference in test and 
control forearm blood flow in o.o./lOO c.o. foteann/min. I, deep nerves blocked; H, normal; 
m, ‘one’ cntaneons nerve blocked; IV, skin blanched, deepnerves blocked ;V, skin. blanched. 




Fig. 2. Subject A. S. E. Simultaneous tracings of the blood flow in the test, T and controL r 
forearms, after the deep nerves in the test forearm had been blocked, doibration in r 
Water-bath temperatures 35° C. Recorded at a demonstration at thn 
of the Physiological Society, Oct. mi. Ko seconds ukl ^ 


on tbe control side was 3-9 c.c./lOO c.c. forearm/min., on the test side it 
7-3 C.C., an increase of 3-4 c.c. or 87 %. 


was 
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Table 1. Blood flows in o.o./lOO 

0 . 0 . forearm/min. in the test, T, 

and control, C, forearm. 


Water-batli temperature 36 

°C. 









% difference 




Jest 

Control 

DiSerenoe 

100 (T-O) 


Condition of test forearm 

Subject 

m 

(C) 

{T-O 

C 

I 

Deep nerves blocked 

H. B. 

10-3 

6-9 

4-3-4 

+ 40 



W.B. 

6-2 

4-1 

+ 2-1 

+ 61 



H. B. 

8-7 

4-4 


4- 97 



J. S. L. 

8-1 

4-0 

+ i-l 

4-103 



D. C. H. 

4-7 

1-8 

-(-2-9 

4-161 



W.B. 

6-9 

2-0 

4-3-9 

4-196 



Average 

7-3 

3-9 

-3-4 

- 87 

n 

Normal 

A. S. E. 

4-2 

4-9 

-0-7 

- 14 



G. TT. 

3-6 

3-9 

-0-4 

- 10 



H. B. 

2-9 

31 

-0-2 

- 6 



B. M.B. 

2-0 

2-1 

-0-1 

- 6 



H. M. S. 

3-8 

3-3 

4-0-6 

4- 16 



W.B. 

2-0 

1-7 

4-0-3 

4- 18 



Average 

31 

3-2 

-0-1 

- 3 

m 

Cutaneous nerves blocked 

J. K. MoC. 

2-9 

3-3 

-0-4 (O-I) 

- 12 ( 4) 



H. B. 

7-7 

8-3 

-0-6 (0-2) 

- 7(2) 



P.MoO. 

7-6 

5-5 

4-2-0 (0-7) 

4- 36 (12) 



0. Q. E. 

4-4 

3-2 

4-1-2 (0-4) 

4- 37(12) 



A. S. E. 

4-8 

3-3 

4-1-5 (0-6) 

4- 46(16) 



W.B. 

3-9 

20 

4-1-9 (0-6) 

4- 96 (32) 



Average 

6-2 

4-2 

4-0-9 (0-3) 

4- 21 (7) 


The figures in brackets in rn are those for one-third of the preceding figure. 


Controls 

(1) Was the hyperaemia in the test forearm due to a natural difference of the 
circulations in the hoo forearms or to the nerve blocks? Since the left forearm 
was always the test forearm it was conceivable, though improbable, that the 
results were due to the blood flow per 100 c.c. tissue on the left side being 
naturally greater than on the right. In six experiments (Table 1 (11) and 
Fig. 1 (II)) the blood flows on the two sides were recorded without blocking 
the nerves. The difference was negligible. 

(2) Was the hyperaemia in the test forearm due to accidental release of some 
sympathetic tone in the skin circulation? In the fourth, fifth and sixth of the 
experiments shown in Table 1 (I), the anaesthetic seeped back along the needle 
track and blocked one of the three antebrachial cutaneous nerves; in the third 
the cutaneous nerves may have been involved. About one-third of the forearm 
skin in the plethysmograph was anaesthetic; its vasomotor tone paralysed. 
This might have been responsible for some of the hyperaemia. The significance 
of this was assessed as follows. All three antebrachial nerves were localized 
near the bend of the elbow by Trotter & Davies s [1909] method. They were 
then blocked. The whole of the forearm skin became anaesthetic, but there 
was no loss of muscular power. The blood flow in the two arms was compared 
and, as shown in Table 1 (DI), a slight increase, on the average equal to 
0-9 c.c., was obtained on the test side. The difference was not statistically 
significant. In five of the original experiments not more than one-third of the 
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sympathetic to the foieaim skm’was blocked, and this.could not have increased 
forearm flow by more than 0-3 c.c. (T %) (Table 1 (HI) and Tig. 1 (HI)). Some 

other factor cansed the increase of 87 % . _ 

(3) Fas the hyperaemia in the test forearm 'due to paralysis of tone in the 
sMetal muscle? It will be remembered that the mnscnlatare below the elbow- 
on the test side was paralysed; mnscnlar tone mnst have been abolished. It 
was possible that the hyperaemia was due to diminished resistance to the 
passage of the blood throngh the flaccid muscle. Barcroft & Millen ]^1939J, 
however, found that muscle blood flow decreased after a weak voluntary 
contraction relaxed — ^presumably because muscle metabolism and vasodilator 
metabolite concentration fell away, and the vascular bed shut do-wn. By 
analogy paralysis of muscular tone, a weak contraction, should decrease 
muscle blood flow. But it was better that the question should be" settled by 
direct experiment. This could be done by repeating the experiment on a 
sympathectomized foreaniv. The change in blood flow due to abolishing 
muscular tone would then be seen. Only two men with upper limb sym- 
pathectomies could be traced in Ireland. Both had had right upper thoracic 
gangUonectomies several years before. Their arterial blood pressures were 
normal, their arterial walls unhardened. In one respect their forearm circulations 
were unusual — there was a considerable difference in the resting flows on the 
two sides. Table 2 shows that the flow in B. McL.’s sympathectomized forearm 


TiBi.E 2. Blood flovr in c.c./lOO c.c. foreann/niin. in the sympathectomized test, T, and 
control, O, forearm. Water-bath temperatme 35’ C. 



Conditon of 




Sabject 

sympathectomized 

Test 

Control 

Difference 

test forearm 

(T) 

iO 

{T-C) 

F. McL. 

Xormal 

41 

2-S 

+ 1-3 


Deep nerves blocked 
Difference 

3-0 

2-0 

+ 1-0 

S. A. 

Xormal 

2-6 

3-2 

-0-6 


Deep nerves blocked 
Difference 

30 

4-0 

-1-0 


% difference 
100 {T-C) 
C 

+.46 
+50 
+ 4 

-19 
-25 
- 6 


was 46 % greater than that in his normal one; in S. A. it was 19% less. These 
differences were probably due to abnormalities in the sympathectomized 
forearm due to the original lesion (F. McL. injury to the hand followed by 
severe causalgia; S. A. severe frostbite foflowed by violet fingers) to muscular 
changes due to deformity (F. M. contracture of the fifth finger; S. A. amputated 
index finger) and to the sympathectomy. The results are shown in Table 2 
^r blocking the deep nerves the flow in F. McL.’s sympathectomized 
forearm mcreased from 46 to 50% above that in his normal one in S A. it 
dumi^hed from 19 to 25% below that in the control; negligible changes 
of 4-4 and -6%. Yet the paralysis while the flows were being recorded was 
absolute, and the vessels were quite able to dilate; they did so when the 



26 


H. BARCROFT AND OTHERS 

temperature of the water in the bath was raised. The hyperaemia in the test 
forearms of the normal subjects could not have been due to loss of mnscuki 
tone. 

(4) Was the hyperaemia in the test forearm due to adrenaline vasodilation in 
skeletal muscle ? Grant & Pearson [1938] have shown that adrenaline vasodilates 
human muscle. The local anaesthetic contained a small amount of adrenaline 
to prolong its action; when infiltrated round the median nerve it would he 
quite near the brachial artery. It seemed possible that the hyperaemia in the 
test forearms might have been due to diffusion of adrenaline through the wall 
of the brachial artery into the blood going to the forearm muscles. This was 
tested as follows. In one experiment adrenahne was not put into the anaesthetic 
— ^vasodilation followed its infiltration round the nerves. In another 1 m 
50,000 adrenaline in sahne was infiltrated round the nerves — no increase m 
forearm fiow occurred. Hyperaemia was absent in the sympathectomised 
forearms although the local anaesthetic contained tdie usual amount of 
adrenaline. 

(6) Was the hyperaemia in the test forearm due to release of tone in the arterial 
tree and passive increase in skinfow? Claud Bernard [1876] showed that when 
one cervical sympathetic, in a horse’s neck, was cut the pressure in the central 
end of the ipsilateral labial artery rose 25-60 mm. Hg. The average rise m 
five experiments was 43 mm. That is, when the sympathetic tone in a com- 
paratively large artery, deep to the deep fascia, was released a rise in pressure 
occurred near the periphery which, had the circulation been intact, could 
hardly have failed to have caused a passive increase in flow through the 
peripheral vascular bed. Nothing definite seems to be known of the significance 
of sympathetic tone in the proximal branches of the human arterial tree; but, 
in the normal arm, Wishart [1933] found a downhUl systolic pressure gradient 
of 20-30 mm. Hg between the radial and one of the digital arteries. The 
question arises whether the circulation in the forearm skin is influenced by 
two sets of sympathetic fibres. The first accompanying the deep nerves and 
acting on the branches and twigs of the brachial artery below the skin; the 
second accompanying the antebrachial cutaneous nerves and acting upon the 
vessels in the hIHti If so, in the original experiments, could the sequence of 
events in the test forearm have been: paralysis of the deep nerves, release of 
sympathetic tone in the arterial tree below the skin, passive increase in 
cutaneous blood fiow, hence the increased forearm flow? In’ the animal this 
could have been settled quite easily by repeating the experiment on the 
skinned limb. Tortunately, we had a method for producing what was to all 
intents and purposes from the viewpoint of the vascular system the human 
equivalent of the animal s kinn ed limb preparation. We therefore proceeded to 
suppress the circulation in the skin of the test forearm, block the deep nerves 

and compare the bloodflowonthetwosides. Ifthe test forearm was hyperaemic 
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VASOCONSTRICTOR TONE IN HUMAN MUSCLE 
it woTild be proof f^^at tbe nerve blocks had caused vasodilation deep to the 

glri-n. A ButDinary of these experiments follows. t, ^ t 

We are indebted to Prof. D. 0. Harrison for calling our attention to the tact _ 
that Abramson {1940] had blanched large skin areas by adrenaline electror 
phoresis. The appearance of the blanched forearm maybe seen in PI. 1, figs- f a, o- 
The most intense blanching was obtained on cool skin; it lasted longer if the 
skin was subsequently exposed to air than if immersed in water. The technique 
for recording forearm blood flow was therefore adapted for use on the cool 
forearm, exposed to air. The blood flows in the cool limbs were physiolo^cally ^ 
subnormal; they differ from the previous ones in this important point. 

Three experiments were done. The techmqne is illustrated by the following 
typical protocol: 

Svbjeot O. G. E. Kecmabent on conch thionghont expeiiTnent. Pneonuitic onffis cm npper 
arms. Upper and lower rubber diaphragms for pletbysmographs {Baroioft & Edbokn, 1943] 
cemented to both forearms. Pletbysmographs fitted later. 

Time in min. 

0-16 Best. Eorearms ondet blanket. 

16-20 ' Nicely fitting pads and electrodes bandaged round both forearms between rubber 
diaphragms. 

Right pad soaked in saline at room temperature. Left pad soaked in 1/1000 B.U.H. 
Adr enaline (adrenaline base) adjusted to pH 4-6 with HjP 04 [Abramson, 1940] at 
room temperature. 

20-33 Eleotropboresis fivm 40 V. battery across 600 ohm resistance from which current was ' 
tapped to electrodes by slider (left electrode +). Increased to 10 mA. in first 
minute and decreased to lero during last minute. 

33-35 Pads removed. 05 % of underlying skin on test side intensely blanched with marked 
goosefiesh. 

35-40 Infiltration of radial, median and ulnar nerves. 

40-46 Pletbysmographs slipped over each forearm and plated to rubber diaphragms. . 

Pnenmatio cufis put on both wrists and inflated to 200 mm. Hg (tiU 60tb minute) 
to arrest cironlation in bands. 

45-53 Simultaneoas records of right and left foreeunn flow at 2 min. intervala (five sets 
for averaging). 

63-66 Pore© of band grip on test side reduced to a few grams; other movements paralysed. 

65-60 Calibration of pletbysmographs and recorders. 

60- 61 Wrist cuffs and pletbysmographs taken off. Appearance of akin on test side un- 

changed. 

61- 64 Cironlation in both forearms arrested for 6 min. On release the skin between the 

diapbiagms on the control side flushed normally; on tbe test side no alteration 
in tbe colour of tbe intensely Wanebed skin took place. 

72-74 Test forearm felt cooler than control. Skm temperature, taken tbermoeleotrioally 
[Lewis, 1924], was: control 29-1'’ C.; test 26-B‘' C. 

90 Slight adrenaline tremors. 

210 Movement in test forearm returning. Action of anaestbetio prolonged, probably by 
cooling. 

Great care was taken to expose both limbs to the same temperature so as to obtain comparable • 

blood flows. During tbe preliminary rest both were covered by a blanket; during eleetrophoresis 
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the saline and adretialine solutions were at the same temperature; after the nerve blocks tho 
oiroulation in both hands was arrested to prevent warming of the test forearm by a rapid stream 
of blood from the vasodilated hand; during the recording of the flows both forearms were exposed 
to air in the plethysmographs. The conditions for cooling were the same on both sides; though the 
flows would be subnormal a difference would still indicate relative vasodilation on one side. 

The evidence that the blood flow through the skin was smaller on the test 
than on the normal side while the flows were being recorded was as follows. 
After the flows were measured: 

(1) 95 % of the skin on the test side was still intensely blanched, and showed 
gooseflesh. 

(2) Reactive hyperaemia could not be provoked in it. 

(3) It was cooler than that on the control side. 

Wayne [1933] eleotrophoresed adrenaline into small skin areas and found flushing could not 
be provoked by the introdnotion of small amounts of histamine or by procedures oaloulsted to 
produce small amounts of 'H-substance intradermaUy. These facts and the intense hlanohing 
suggest that adrenaline introduced in this way arrests the oironlation in the minute vessels. (In our 
experiments it would have been wrong to have described the blanched skin as bloodless; after 
firm digital pressure a return of colour was jnst perceptible.) 

We found that when sweating was provoked in normal skin surrounding a blanched area the 
blanched skin failed to sweat. This is shown in Tb 1, Fig. 4. Langley & Uyeno [1922] injected 
adrenaline snboutaneonaly into the cat’s paw, and, under certain conditions, observed inhibition of 
sweating; when this occurred he attributed it to vasooonstriotion of the afierent vessels of the 
glands; oontraotion of the plain musole in the glands was not the factor. This probably signified 
that the inhibition of sweating we observed in hnman skin was the result of strong vasoconstnobon 
in the depths of the skin. 

Grant & Bland [1929] oonld find no arterio-venous anastomoses on the flexor surface of the 
forearm; the extensor surface was not examined. Grant [1929] found that, in the rabbit, arteno- 
venous anastomoses were constricted by adrenaline. 

The above considerations suggest that the circulation in blanched efciu was arrested. 

Table 3 (I) and Fig. 1 (IV) show the results of three of these experiments. 
The average blood flow on the control side^was 1-4 c.c., somewhat lower than 
normal owing to cooling. On the test side, with the skin circnlation suppressed 
and the deep nerves blocked, it was 6-0 c.c., an increase of 3'6 c.c. or 267%- 


Table 3. Blood flow in o.o./lOO c.c. foreami/min. in the test, T, and control, O, forearm. 


Both 

Condition of 

forearms cooling at the same rate 

Test Control 

Difference 

% difference 
100 {T-C) 

test forearm 

Subject 

(T) 

(C) 

(T-O) 

G 

Skin blanched 

A.S.E. 

8-6 

2-9 

+ 6-6 

-1-193 

Deep nerves blocked 

Q.H.G. 

4-6 

0-9 

-(-3-0 

+ 400 

0. G. E. 

2-1 

0-4 . 

+ 1-7 

+426 


Average 

6-0 

1-4 

+ 3-0 

+267 

Skin blanched 

Q.H.G. 

1-3 

2-0 

-1-3 

- 60 

W. B. 

1-0 

1-8 

-0-8 

- 44 


0. G. E. 

0-6 

0-7 

-0-2 

- 20 


Average 

0-9 

1-7 

-0-8 

- 47 


This increase might have been due to muscular vasodilation caused by deeply 
penetrating adrenaline. This was put out of court by the fact that suppressing 
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the cixcuktion on the test side ^vithont blocking the deep ner^s decreased 
the flow by 0-8 c.c. or 47 % , as shown in Table 3 (11) and Fig. 1 (V). The eflfect 
of cntaneons constriction had outweighed any muscular dilation. 

The experiments therefore indicate that paralysis of the deep nerves 
increased the blood flow in structures beneath the forearm skin. 


CONCUUEION 

Blocking the radial, median and ulnar nerves approximately doubled forearm 
bloodflow (Eesults and Control (I)). The effect was not caused by the adrenaline 
in the local anaesthetic (Control 4). In some experiments part of the sym- 
pathetic to the forearm skin was accidentally blocked. The hyperaemia caused 
by the release of tone in the cutaneous vessels was insignificant (Control 2). ' 
Therefore it was paralysis of fibres in the deep nerves that doubled forearm 
blood flow. Two possibilities were considered; increased forearm flow because 
motor nerve paralysis had abolished tonic skeletal muscular contraction and 
diminished resistance to the blood flow through muscle; increased forearm 
flow because sympathetic paralysis had released constrictor tone. The former 
was excluded on the grounds that in sympathectomized subjects deep nerve 
block had no effect on forearm blood flow (Control 5). Nerve block doubled 
forearm flow because it released constrictor tone. The loss of tone took place 
in vessels somewhere below the forearm skin. Dilation of the arterial tree may 
have increased the skin flow passively and accounted for some of the increased 
forearm flow. But when the circulation through the skin was suppressed deep 
nerve block still increased forearm flow (Control 5). The deep stmctures of the 
forearm are the muscle and a relatively small amount of bone. It therefore 
seems very probable that the vasodilation was mainly due to the paralysis of 
vasoconstrictor fibres to the forearm muscle. In so far as the possession of 
vasoconstrictor tone is concerned human muscle probably resembles dog 
[Anrep et al. 1934] and cat [Baetjer, 1930] muscle. 

The probable significance of the vasoconstrictor tone in human muscle may 
be seen from the following. The average increase in forearm flow after blocking' 
the deep nerves was 3-4 c.c./lOO c.c. forearm/min.,- Table 1 (I). 100 c.c. of 
forearm contain approximately l/450th of the body musculature (58-6% of 
the forearm volume is muscle [Abramson & Ferris, 1940]; 1-06 specific gra^ty 
of cat’s muscle [Tabul. biol. Bed. 1925]; 40% of body weight muscle 
[Bardeleben, 1912]; body weight 70 kg.). Therefore releasing the sympathetic 
tone throughout the body musculature would probably increase its blood flow 
by something approaching 3-4x450 =1530 c.c., say l( l./min. 
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Discussion 

Tlie conclusion that the sympathetid imposes tone on the vascular system m 
muscle seems opposed to that reached by WooUard & PhilHps.[1932], Fried- 
lander et al. [1938] and Grant & HoUing [1938]. The fact that hlockhig motor 
nerves did mot raise muscle or overlying skin temperature seemed to gainsay 
its existence. The explanation may be as follows. Grant & Pearson [1938] 
found, and we have confirmed, that the skin and underlying muscle of an 
uncovered limb cool. This would reduce the vasodilation produced by the 
nerve block. For example, when the forearm was in water at 36° C. deep nerve 
block increased the flow by about 3-6 c.c./min. (Table 1 (I)) ; but in Prinzmetal 
& Wilson's [1936] experiments, at 24° C., blocking all the nerves to the forearm 
increased the flow by about 0'6 c.c. It seems, therefore, that the increase in 
blood flow- caused by blocking motor nerves in a cooling limb might be too 
small to do more than retard the rate of cooling. / 

It is noteworthy that the release of sympathetic tone in musole blood 
vessels could not explain the increase in the blood flow through them during 
exercise. Releasing sympathetic tone in the body musculatuie would probably 
increase its blood flow by about 1^ 1., but in severe exercise the increase is 
probably nearer 20 1. This accords with the established teaching that the 
hyperaemia in active muscle is brought about by the action of metabohtes. 

The existence of sympathetic vasoconstrictor tone in muscle does not imply 
that section of the nerve fibres concerned would be followed by permanent 
vasodilation. Grant & HoUing [1938] found that the forearm was only 
hyperaemic for about a week after it was sympathectomized. 

SUMMAET 

1. Blocking the nerves to the musculatme of the forearm increases forearm 
blood flow (Lewis & Grant’s plethysmographic method). 

2. It does not do so in the sympathectomized forearm. 

3. It does so in the normal forearm after the circulation in the skin has 
been suppressed. 

4. These findings are discussed; the inference is that the vessels in human 
skeletal muscle probably receive sympathetic vasoconstrictor fibres and possess 
vasoconstrictor tone. In this respect they resemble those of the dog and cat. 

6. The relaxation of sympathetic vasoconstrictor tone throughout the 
musculature of the body would probably increase its blood flow by something 
approaching 1^ litres a minute. 

We sincerely thank Mr J. B. Loughridge for performing the first deep nerve block. Mr G. R. B. 
PuMe for putting ns in touch rvith tho ^pathectomired subjeots, and all the objects, especially 
F. Moll, and S. A. The expenses of the research were defrayed by a Royal Society grant to H. B. 
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EXPLANATION OF PLATE 1 

Elga. 3a, 5. Show the intense constriction of the minute vessels of a larm. 

by adrenaline introduced by electrophoresis The for^!rJ^ ^ Produce 

the text. The circulation ttongh the a^w^rhr^^r"“ i 

^pb. uta . .tort 

iwctive l^raemia had developed around the blanched area The M ’ ®^“«piouoc 
a white piel“of that of the ' 

swcatmgb^n the skin over the midaeofthe forearm wo M ^ ■water. Befor 

^ hand ^ then treated by Minot’s [1929] method so that 8w”°!^ 

bmwn to black. In due course tlaekening <mcunS ah^ ^ 

Phorescd skin. The photograph ahow^e b^^f ,^“t not in the elec^ 

colour of the clectrophorcsed skin proximal to it. ^ ^ normal skin and the lightc 
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HISTAMINE IN NERVOUS TISSUE 

By H. KWIATKOWSKI, From the Clinical Research Unit, Guy’s Hospital 

{Received 6 October 1942) 

During recent studies on lustamine metabolism and its relation to txaumab 
sbock I foimd that extracts obtained from mixed somatic nerves containei 
relatively large amounts of histamine. This suggested the possibility 0 
‘ histaminergic ’ fibres in peripheral nerves, since the adrenergic and chohnergi 
nerves have a high content of acetylcholine and adrenahne respectively. Earl; 
observations by Osborne & Vincent [1900] suggest the presence of histamine ii 
nerves but these have not been generally accepted [Halliburton, 1901]. 

Further observations showed that the histamine content of different nerve 
varies greatly, that on the whole the highest content is found in nerves re 
sponsible for antidromic vasodilation, and that histamine can be detected in 
venous blood after stimulation of the posterior roots. Owing to difSculties dne 
to the war the observations are as yet incomplete, but they seem of sufficient 
interest to warrant publication now. 

Methods 

Histamine content of nervous tissue. Histamine was extracted from various 
nerves in a number of species of animals (cats, rabbits, dogs, guinea-pigs, rats, 
monkey and man). Cats and dogs were killed with ether, rats and guinea-pigs 
by a blow on the head, and the monkey with chloroform. Human nerves were 
obtained within 12-48 hr. of death from patients dying of various diseases and 
air-raid casualties, the bodies being preserved in the refrigerator. Peripheral 
nerves, ganglia, spinal cord and brain tissues were dissected, weighed and 
washed with distilled water; the weight of the nerves varied between 20 and 
200 mg. according to the size of the dissected nerve. Pieces of brain, cerebellum 
and spinal cord usually weighed from 500 'to 2000 mg. Nervous tissue was 
placed in 10 c.c. of 10% trichloroacetic acid, minced and extracted for hista- 
mine by the method of Barspum and Gaddum, modified by omitting the ether 
extract. The last stage of alcoholic extraction was retained because it removes 
potassium, which contracts smooth muscle but is insoluble in alcohol [Kwiat- 

kowski, 1941]. 
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The tissue extracts ^eie assayed on the suspended guinea-pig’s ile^ per- 
fused mth Tyiode’s solution containing half the normal CaClj tod equihbiated 

withSyoCOzinOJKwiatkowski, 1941]. _ 

The biological assay on the perfused gut has the advantages that xt is usually 
very sensitive, allorving the use of smaU quantities of histamine, that it gives 
equal responses to similar doses and that only 0-1 c.c. of test fluid is needed. 

I have found, however, that sometimes, and most frequently in spring, the gut 
is relatively insensitive to histamine. It may be rendered more sensitive by 
first giving a few repeated doses of a large concentration of histamine, but the. 
increased sensitivity may pass off after 15—30 min. It is known that different 
substances producing smooth muscle contraction, if given in different con- 
centrations, do not show a similar gradient of contraction. In several experi- 
ments I have therefore compared the contractions produced by different con- 
centrations of my extracts, the concentrations being a haK, a fifth or a tenth, 
with similarly different concentrations of histamine solutions. I shall refer to 
this test as the dilution test. 

The tissue extracts (cat and human nerves) were also tested in several cases 
on the blood pressure of atropinized cats under chloralose anaesthesia. 

Antidromic stimulation of ‘posterior roots and assay of histamine in ■venous 
blood and perfusate. Cats were anaesthetized with chloralose or dial. The peri- 
pheral ends of the cut nerves (L. V-VII) were stimulated faradically for a 
period of 1 min. (Pahner induction coil with 2 or 4 V. in the primary circuit, 
coil distance of 16-12cm.). Care wastakenthatno muscle contractions occurred 
in the stimulated leg, since histamine may be liberated from a contracting 
muscle [Anrep, Barsoum, Taloat & Wieninger, 1939]. 

Samples of 1 c.c. of blood were withdrawn from the femoral vein shortly 
before, during and every minute after stimulation, and extracted. In a few 
experiments the plasma alone was used for extraction. In this case two 
samples of 5 c.c. of blood were withdrawn with a syringe containing O-l c.c. of 
‘Liquemin’ (Eoche) as anticoagulant. One sample was withdrawn before and 
the second during and after stimulation of the roots. 

Previous experiments indicated that chloralose may produce a transient 
increase of blood histamine shortly after its administration. The chloralose was 
therefore given and the dissection made several hours before the experiment 
was performed, the animal meanwhile being kept warm. 

Results 

‘ (i) Histamine content of nervous tissue 

The first experiments carried out on the cat’s nerves showed that the extracts 
contam a substance pharmacologically indistinguishable from histamine The 
extracts caused a contraction of the atropinized ileum of the guinea-pig and 
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if tlie dilution test was applied, tliere was no difference between histamine base 
and the active principle of the extracts. The extracts also caused a fall of 
arterial blood pressure in the atropinized cat. When the extracts were assayed 
against histamine the results obtained with both methods agreed quantitatively 
with each other. The active principle in cat’s sciatic and brachial nerves was 
destroyed by ashing. In later .experiments with human sciatic and vagus 
nerves, extracts were inactivated by incubation with histaminase (Toiantil, 
Bayer). These facts make it hkely that the active principle is histamine itself. 
I therefore express the activity of the nerve extracts in terms of histamine 
base. 

The active substance is 'not formed during extraction with trichloroacetic 
acid since it is partially obtained by saline extraction. If nerves are chopped 
up in saline and left overnight in the ice-chest, the filtrate contains about half 
of the normal hista min e yield of the nerve, and the other half can be extracted 
from the residue. 

Somatip nerves. Table 1 shows the histamine equivalent per gram of fresh 
tissue of the brachial plexus and sciatic nerve in different animals. The highest 
values are obtained in rats and the lowest in rabbits. The histannine equivalent 


Table 1. Histamine equivalent (/tg./g.) of brachial plexus and soiatio nerve 


Cat 


Dog 

Guinea-pig 


Brachial 

Soiatio 

plexus 

nerve 

2-3 

1-9 

1-7 

2-8 

1-2 

1-2 

0-68 

3-0 

2-6 

1-6 

0-9 

2-26 

30 

11 

2-3 

2-6 ' 

2-1 

2-4 

2-3 

3-3 

1-4 

1-6 

4-0 

4-0 

6-0 

60 



Brachial 

Soiatio 


plexns 

nerve 

Monkey {Macacus mulatto) 

1-4 

2-2 

Man 

1-3 

3-0 


1-6 

31 

. 

1-7 


Rat 

3-0 

3-4 


6-6 

7-6 

11-0 

130 

6-2 

Rabbit 

0-3 

0-3 


0-6 

0 93 
06 


of these nerves appears to be independent of the presence of autonomic fibres. 
In two cats the left lumbar sympathetic chain was removed aseptically, and 
6 and 7 days later the sciatic nerves were extracted. The left sciatic of the cat, 
operated on 6 days previously, contained l'3/xg./g. histamine as compared with 
l'6pg./g. of the right side. In the other cat both sciatic nerves contained 

0-9/^g-/g- V ■ 4.1, • 4.- -1 

Examination of a wider range of nerves, choosmg those consistmg mamly 
of motor or sensory fibres, reveals that the histamine is not distributed uni- 
formly throughout the length of a nerve, and is not confined to either sensory 
or motor fibres., In general, the extracts of nerves consistmg mainly of motor 
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TiBUE 2. Histamme eqmvalent of aerrea coataining little histamme 


Nerves containing mainly 
motor fibres 


1 Oonlomotor: Man 0"6; O-t; 2-8; 0-8 

2 Trooblear: Man 0*; 0*2; 0*5 

3 Abducens; Man 0*6; 0*6; 0:1; 0*1 

d Spinal accessory: Man 0; 0; 0*6; 0*07 

6 Hypoglossal: Man 0; 0; 0*6; 0*07 

6 Anterior roots: Cat 0; 0 

Dog 0 

Babbit 0; 0 . 

7 Motor nerve to gastrocnemius: Man 0*6; 0*2; 0*6; 0*9; 0*2 

Cat 0*34; 1*8; 1*2 


Nerves containing mainly 
sensory fibres 


Nerves to special sense 
organs 


1 lingual division of trigeminal nerve: Man 0*6; 0*6; 2*2; 0*3 

Cat 0*36 


2 Posterior roots: 3Ian 0 (cervical region) 
Cat 0 (lumbar region) 

0; 0 (lumbar i^on) 
Dog 0 (lumbar region) 
Babbit 0 (lumbar region) 

0 (lumbar region) 


1 Ol&ctory tract*. Man 0; 0; 0; 0*8 
Monkey 0*2 
Cat 0; 0; 0 
Dog 0 
Rabbit 0 


2 Olfactory bulb: Man 1*0; 0*6; 0*3 

Cat <0*6 
Dog 0*4; 0*3 

3 Optic nerve; Man 0; 0; 0; 0*015; 0 

Monkey <0*2 * 

Cat 0;0;0;003 
Rabbit 0; 0*04; 0 06 

* 0=<0*lpg./g. 


fibres and of sensory nerves from special sense organs (Table 2) have little or 
no action on tiie perfused gut. Higb. fustamine equivalents are obtained from 
distal parts of sensory nerves coining from tbe skin (Table 3). Tbe histamine 


TiBUE 3. Histamine equivalent (/ig./g.) of nerves containing 
a bigb or medium content of bistamine 


Nerves containing mainly 
Ber«ory fibres Irom the 
skin 


Lateral sural cutaneous; Man 8*0; 6*4; 11*0; 7*0; 6*4 
Cat 3*2; 7*5; 11*0 
Rabbit 1*4 


Auriculatis magnus: Rabbit 3*0; 1*6; 6*6 . 

Aurioularia minus; Rabbit 2*15; 3*16; 3*3 

Opbtbalmic division of trigeminal nerve; ilan 1*8; 1*06* 6*0* 1*76 

Cat 2*0 

Maxillary division of trigeminal nerve; Man 3*0; 1*35* 4*2* 1*0 

• Cat 1*6 

Nerves containing mainly Posterior tibial: Man 4*3; 4*0; 1*5; 3*7; 4-2* 3.2 
motor fibres Cat 2*0; 2*4; 2*7 


content of posterior roots and of sensory roots of the trigeminal nerve 
must be very low, if any, and only a small amount can be detected 
in tbe lingua) division. The semilunar gangUon yields a relatively high hista- 
mine equivalent, although this is lower than those obtained from the oph- 

3—2 
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, Table 4. Histamine equivalent (/ig./fi*) of trigeminal nerve 



Sensory root 

Semilunar ganglion 

Ophthalmic maiillaiy 
divisions 

Man 

0* 

0*46 

2-6 


0 

1‘8 

3-0 


0 

0-86 

1-3 

Cat 

0* 

2-0 

3-1 


0 

— 

1-76 


0 

— 

1-2 

• 

0-07 



1-6 


0 

— 

2'0 

Dog 

0» 

1-1 

2-0 


• o=<oa,xg./g. 

thalmic and m a xillary divisions distal to the ganglia (see Table 4). Kg. 1 
illustrates the absence of a depressor action with the injection at I of the extract 
from the sensory roots (equivalent to 200 mg.), whereas injection at II of the 
extract from the nerves distal to the ganglion (200 mg.) has a depressor effect 

which was equal to l/rg. of histamine (HI). 

/ 

in m 

viww 


Tig. 1. Effeotsofextraotsoftrigeminalnerveofmanonatropinizedcat’sbloodpressnre. I,200Dig. 
sensory root; H, 200 mg. ophtholmio and maiillaiy division; lii, Ipg. histamine. 

Am ong those nerves which supply chiefly skeletal muscles, the tibialis pos- 
terior only yields a relatively high hista min e equivalent (Tables 2 and 3). 

Degenerating sciatic nerve. Rats and cats were used. The left sciatic nerve 
was cut asepticaUy 3-106 days before the nerves were removed and extracted, 
.the nerves of the right side being used as controls. The nerves of rats were 
pooled. The results are tabulated in Table 6. There was, in aU experiments but 

Table 6 . Hiatamine equivalent (pg./g.) of degenerating aoiatio nerve 
Hilled after section Histamine in pg./g. 



of left sciatic nerve 

I ^ 

\ 

% increase 

Animal 

days 

Bight 

Left 

in left nerve 

2 rate 

3 

120 

13-6 

12-6 

2 rats 

16 

110 

7-1 

-36-4 

2 rats 

26 

120 

180 

600 

3 rate 

36 

11-0 

18-2 

66-4 

3 rats 

66 

130 

27-0 

1080 

3 rats 

68 

6-2 < 

40-0 

6460 

1 cat 

3 

30 

4-9 

63-3 

1 cat 

106 

1-76 

6-1 

248-0 


one, an increase in the histamine equivalent of the degenerating nerve. From 
the figures of column 4 it appears that the increase is progressive and dependent 
upon the time allowed for degeneration. 
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Auiomatic nerves. The results vary in different species (see Table 6).^ In the 
rabbit the cervical vagus as vrell as the sympathetic has a lovr histamine con- 
tent. In the one monkey at my disposal a low histamine content of the vagus 

Table 6. Histaniiiie equivalfint 0^g./g>) of avtonomio nervas and ganglia 



Cervical 


vagus 

Cat 

2-1 


2-3 


3-0 


2-2 


*4-6 

Dog 

4-6 

Guinea-pig 

6-7 

Monkey 

0<0-3 

Man 

2-3 


2-26 


2-4 

Babbit 

0-7 


Cervical Splanchnic 

sympathetic (major) 

_ 0-24 


1-0 


0 < 0-2 — 

0<0 05 0 


Thoracic 

sympathetic 

chain in- Xiumbar 

eluding ganglia sympathetic 
1-8 1-2 

1-8 1-4 

— 1-0 


1-25 

1-4 


<0-2 


* ='Without cervical sympathetic. 


was found; the lumbar sympathetic had relatively more histamine. The vagus 
is rich in histamine in cats, dogs, guinea-pigs and man. Sympathetic nerves 
contain histamine although in smaller amounts. I have made no experiments 
to determine if the histamine is contained in the sensory or in the autonomic 
fibres of these nerves. 

Central nervous system. Table 7 summarizes the results. Spinal cord and 
medulla oblongata contain barely measurable quantities of histamine. Brain 


Table 7. Histamine equivalent (pg./g.) of central nervous system 


Spinal cord 
(lumbar region) 
Cat 0<0-l 

0<0025 
0<0-l 
0-076 

Dog 0<0-2 

0<0-16 
0-2 


Medulla 

^ 

oblongata 

Cortex 

0<0-l 

0<0-l 

00125 

0-009 

0<0-l 

0-12 

— 

<0-2 

— 

0-16 

— 

0-1 


Brain 

-- A 

-- ^ 

Mid-bram Cerebellum 

0-28 2-0 

~ 1-6 


1-6 


Guinea-pig 

0<0-2 

0<0-2 

Monkey 

0<0-l 

Man 

0<0-l 

0-03 

0<0-2 

Rabbit 

0<0-05 

0<0-l 

0-03 


0-05 


0-044 

005 


* The extract showed the presence of a 
from a patient who died from uraemia. 


slow contracting substance. The 


tissue waa obtained 
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cortex (parietal lobe and frontal lobe) contains only a small amount, 0'12^g./g. 
or less. The mid-brain of cat yields O-28/zg./g. and cerebellum 2'0 and l'6pg./g. 
on extraction. 

(ii) Release of a histatnine-like substance during and after 
stimulation of the posterior roots in cats 
Extracts of blood collected from the femoral vein in tbe absence of nerve 
stimulation cause, on the atropinized gut, only a smaU contraction, the effect 
of 1 c.c. blood being less than that caused by O-Olpg. histamine. Extracts of 



Kg. 2. Cat 2-3 kg. nnder ohloralose anaesthesia. Stimnlation of the out peripheral ends of lombar 
posterior roots fL. V-VH) for 1 min. with a coi] distance of 14 om. The black oolnnms repro- 
dnoe the histamine equivalent of venous blood per o.o. in eaoh minute sample. 

blood collected during stimulation of the roots show usually no increased 
activity, but the extracts of blood collected 1-4 min. after stimulation produce 
a much stronger contraction of the atropinised gut. These results were obtained 
in six out of eight experiments and the histamine equivalents ranged from 0-03 
to 0-18pg./c.c. 

One experiment is illustrated in Eig. 2, which shows the histamine equi- 
valents of the different samples of blood. The concentration of the active 
substance in the blood extracts is too low to be detectable, as histamine, on 
the arterial blood pressure of a cat. I have, however, been able to show that, 
like histamine, the active substance is insoluble in ether. The histamine-like 
substance is at least partly present in the plasma fraction of the blood. Control 
plasma samples in two experiments show activity less than O-Ol/ig./c.c. hista- 
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• 7 .1 

wTiofT, ^S-/g- Hstamine respectively. It was not possible to determiuft 

vasodlatati n ti alf^ 

to Mow ^““"itc totiog waa aeon 

and equilibrated with Oj and 60/ CO 6 a^tts'nonnal CaC], content 

.tant throughout the eitSreni by ‘uTg att “»”■ 

i* y using a perfusion pressure of 200 cm. of 



' — t'^v&r;r£X7;\'s^u,rj 2 “ " « tee 

Tt ^ OI 14'0 cm. 

Canada, yenom"^^™*^ «»d the arterid 
rate of 10 drops in 8-5 aec. In the abeenl of ,Zd « ' *°‘ reparation at the 
gut occurred, the lever writing a horizontal IteT^ °‘i "“traction of the 
roof produced a gradual a^d .o^“ ““t P^tcrior 

latency of about ^ min. (see Fis 3) T1,a u activity after a 

renewed etimulation. *' ’■ “btuiuea repeatedl/Sa 

Discussion 

Lr - — OP 

:u‘rceTh-;^:rst^ 

^tetteue. AtteurptateMntgl Sio^; ® i^“% it t 

Kthiat-ow [1931] cbt.ined a dSato, T *r™“ oonffieting erideL. 

stimulation of tlif nraoi • ^ ^ U935] obtamed in dnm, ^ ®ince 

assumed that the rel£se<i i, !’ i^thdrew tWs ^ “^^oduced 

"^-.ine (Ungar . t^at 

’ a release of 
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, acetylcholine during antidromic dilatation, but his results were not obtamed 
regularly. 

The experiments described above leave bttle doubt that stimulation of the 
posterior lumbar roots bberates a substance ■which resembles histamme and is 
certainly not acetylcholine. Acetylcholine may be released, in addition, in 
antidromic vasodilatation as a result of the axon reflex which, induced by the 
released histamine, would liberate acetylcholine at the arterioles; such a possi- 
bility has been suggested by Dale [1929]. 

All nerves which have been sho'wn certainly to possess the property of anti- 
dromic vasodilatation, ■with the exception of the lingual nerve, have a high 
histamine content. Thus the cutaneous nerves in those a nim als and to those 
skin regions for which antidromic vasodilatation has been established contain 
much histamine. The tibialis posterior nerve, which is mainly a motor nerve, 
supphes muscle and skin in which antidromic vasodilatation can be ehcited and 
has a high histamine content. The nerves supplying the outer ear of the rabbit 
contain much histamine, whereas the nerves supplying the limbs contain little. 
Feldberg [1926] has sho^wn that strong antidromic vasodilatation occurs in the 
outer ear of the rabbit, and it is probable, from the results of Wybauw [1938] 
on cats, that in the limbs it is confined to the most distal parts of the sHn and 
muscles. In this case, the proportion of fibres in the sciatic nerve responsible 
for antidromic vasoddatatiou would be extremely small, and, even if these 
fibres did contain much histamine, this would increase only slightly the low 
histamine equivalent obtained from the whole nerve. The lingual nerve has a 
low histamine content. Antidromic stimulation of this nerve is known to cause 
a vasodilatation, but it has been shown that it receives its dilator fibres from 
cholinergic fibres from the chorda tympani [Heidenhain, 1883; Machol & 
Schilf, 1928]. , ' 

Guinea-pig and rat nerves contain much histamine. A^ttempts to produce 
antidromic vasodilatation in the guinea-pig have been unsuccessful [Bena, 
1930] and histamine has no dilator activity on the vessels of this animal. It is 
unkno^wn if antidromic vasodilatation occurs in rats, and the rat’s vessels are 
relatively insensitive to histamine. 

The histamine content of nerves and the liberation of a histamine-like sub- 
stance after stimulation of the posterior roots suggest the existence of hista- 
minergic ’ nerve fibres as well as cholinergic and adrenergic nerves, but it is at 
present not possible to state defimtely whether a high histamine content indi- 
cates the ‘ histaminergic ’ nature of a nerve. Whatever the answer will be, there 
are certain differences between the histamine-containing nerves and cholinergic 
nerves. In cholinergic nerves a high acetylcholine content is found throughout 
the whole length of a neuron, whereas histamine is low, or absent, in the nerve 
fibres passing from the sensory ganglion cells to the central nervous system. 
In cholinergic nerves the acetylcholine disappears early on degeneration, 
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whereas I find an increase of histamine under similar conditions. There is a 
possibility that, if histamine is released after nerve stimulation and during 
antidromic dilatation, the histamine may be released not only from the nerve 
endings but also from the tissue cells. In that case no close similarity should 
be e:^ected between choliner^c and histaminergic nerves.^ , 

SuMMABY 

1. A substance pharmacologically indistinguishable from histamine can be 
extracted from various nerves. This substance is inactivated after incubation 
with histaminase. 

2. " High values of histamine are found in distal parts of the sensory nerves 
coming from the skin and those nerves which are known to produce antidromic 
vasodilatation. 

3. Nerves consisting mainly of motor fibres, sensory nerves from special 
sense organs and the central nervous system contain little or no histamine. 

4. Stimulation of the cut posterior roots to the hind limbs of a cat liberates 

a histamine-fike substance into the venous blood. ' 

6. It is suggested that ‘histaminergic’ nerves exist as well as cholinergic or 
adrenergic nerves. 

This work was began at the Middlesex Hospital Medical School and was supported in its later 
stages by a grant from the Guy’s Hospital Medical School Research Runds. 
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SEASONAL AND ANNUAL CHANGES IN THE 
CALCIUM METABOLISM OF MAN 

By R. a. McCAJifCE and B. M. WTDDOWSON, From the 
Department of Medicine, University of Cambridge 

{Received 14 October 1942) 

Variationfi in the capacity of an individual to absorb Ca have been recorded 
and commented upon by previous investigators. Those who have interested 
themselves in the development and mineral metaboHsm of children have dravn 
attention to their waves of growth and pointed out that these will almost 
certainly be accompanied by waves of Ca retention, and possibly of Ca absorp- 
tion [NichoUs & Nimalasuriya, 1939]. On the pathological side, rickets, tetany 
and osteomalacia have often been noted to be at their worst in the late spring, 
and for some twenty years this seasonal incidence has been attributed to the 
paucity of sunlight during the winter months. This, it has been supposed, led 
to the formation of so little vitamin D in the* skin that the clinical signs of 
deficiency made their appearance or became more obvious, and from what is 
known of the effects of vitamin D these would certainly have been accompanied 
if not initiated by a lowered absorption of Ca from the gut. 

Some people, who have studied mineral metabolism by means of balance 
experiments, have noticed that the amounts of Ca (or of Fe) absorbed might 
vary considerably from one analytical period to the next [Asoham, 1930-1; 
NichoUs & Nimalasuriya, 1939; Hutchison, 1937]. These ‘paper’ variations 
have generally been attributed to real changes in the biological activity of the 
gut. A proportion of them, however, have certainly been due to the fact that 
the analytical periods were too short to allow the faecal matter of one to be 
properly separated from that of the next. Variations of this kind may occur, 
but their reality is still very much obscured by techmcal uncertainties. 

In the course of some investigations, which were originally undertaken for 
another reason, large seasonal variations in the absorption of Ca have been 
observed in certain individuals. Changes from one year to another have also 
been detected. Both these belong to types hitherto undescribed, and an 
account of their discovery and nature forms the substance of this article. 
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The setting oe the observations 

Kady in July 1940, eiglit persons began a study of tbe effect of brown bread on 
)a absorption and tbe effect of fortifying bread with Ca and diets with vitamin 
). Tbe experiments went on almost without a break till tbe latter end of 
darcb 1941, and they were restarted, with some of the original party, in 
Ingust 1941. Tbe seasonal changes were first noticed in November 1940 when 
iome of tbe subjects were found to be absorbing dietary Ca less freely than 
;bey bad done in July. By tbe end of March 1941 it was clear that tbe Ca 
metabolism of three of tbe original subjects bad changed very much since they 
had first come under observation. Of tbe others, two bad apparently shown no 
change and one an uncertain one. No statement could be made about two, 
who had left the party in September to take up work in Palestine, for they bad 
not been under observation for long enough, or about their substitutes, for the 
arrangements demanded by the main experiments prevented the necessary 
comparisons being made on them. It may be said, therefore, that the seasonal 
changes presently to be described have been observed in three out of a possible 
six people. "When this type of work was restarted in August 1941, it was found 
that the Ca metabolism of the five subjects who had taken part in the experi- 
ments in 1940 had altered appreciably since the previous summer. These 
annual changes, which were all of the same type and in the same direction, 
were demonstrable in every subject for whom the necessary (1940) data were 
available. 

Experimental methods 

Minerals have been determined in the food and in the excreta, and throughout 
this paper the term ‘absorption’ should be taken to mean the amount in the 
food minus the amount in the faeces. The ‘balances’ may be calculated fi:om 
the presented data but only the absorptions wifi be discussed. A full descrip- 
tion of the way in which these experiments were carried out, and of the sub j ects 
who took part in them, have been published [McCance & Widdowson, 1942a, b]. 
It is only necessary to state here that flour, either white or brown, always 
contributed 40-60% of each person’s total calories, and that the rest of the 
diet was freely chosen, but very similar from one experiment to the next. Most 
of the figures given in this paper are the results of three-week experiments, so 
that short-term variations and errors in faecal collection have been minimfred 
or ruled out. Some are based upon two-week experiments and a Very few on 
experiments which only lasted for eight days. At each season the absorption 
and excretion have been studied both on white bread and on brown, so that the 
' uhole senes of results may be regarded as having been obtained in duplicate 
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The seasonal change 
This effect lias been observed in one man, R.M., and in two women, E.W. aad 
B.A. Tbe last was not under observation for quite snob a long time as tiie 
other two. R.M.’s results are shown graphically in Fig. 1 and E.W.’s in 
Table 1. The ‘negative’ absorptions are an expression of the fact that tie 
faeces sometimes had more Ca in them than the corresponding food had hai 


1941 >- -<-1940-*-^ 1941 -<—1942-^ 



Fig. 1. R.lL’s absolution and nrinaiy oioretion of oaioiom and 
magneainm at different Beasons from 1940 to 1942. 

X X Ca absorption. x x Mg absorption. 

o o urinary Ca. o — j- — o urinary iTg. 

It will be noted that both subjects were under observation for three sununexs 
and two winters, and that throughout this time they both reacted to the 
seasons in precisely the same way. They absorbed Ca much more freely in Jnly 
and Augusfthan they did in February and March, and the magnitudes of the 
differences were most striking. The seasonal effect was as clearly shown on 
brown bread as on white, but at any one season the absorptions were alwhy® 
lower on the former. Indeed, the results afford very pretty confirmation of the 
fact that brown bread inhibits the absorption of Ca [McCance & Widdowson, 
1942 a, 6]. It is interesting to point out in this connexion that the absorptions 
from tbe white bread diets became so bad in February 1942 that they were 
worse than the absorptions had been from the brown bread diets in August 
1940. 
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The Mg ahaoiptioDB^eieivot affected hy the seasons and showed a constancy 
om one experiment to the next which was really qmte lemaTkable. K.M.. s 
bsorptions ffom brown bread diets illnstrate this well. Althongh unaffected 
y the seasons, the Mg absorptions were of course affected by the degree to 
rhich the flour had been milled [McCance & 'Widdowson, 1942 a, 6]. 


Table 1. The ahsorption and urinary eioretion of calcium and magnesium by E.W. 
between 1940 and 1942 


Calcium 


A- 




f 

Absorption 

Type of 
diet 

Date 

Intake 

mg.fday 

%o£ 

intake 

White 

July 1940 

460 

26 

bread 

Deo. 1940\ 
Jan. 1941/ 

515 

6 


July 1941 

600 

17 


Feb. 1942 

636 

7 


July 1042 

690 

29 

Brown 

Aug. 1940 

660 

9 

bread 

Feb. 1941 

611 

-6 


Aug. 1941 

600 

6 


Mar. 1942 

626 

0 


Aug. 1942 

620 

16 


Magnesium 


1 

Urine 

f 

Abaoiption 

Urine 

% o£ 

Intake 

%of 

% of 

intake 

mg./day 

intake 

intake 

27 

299 

39 

■ 36 

17 

323 

43 , 

39 

25 

346 

• 28 

28 

16 

323 

44 

37 

30 

306 

41 

39 

18 

720 

22 

20 

8 

652 

20 

22 

12 

600 

19 

19 

9 

635 

21 

19 

16 

595 

22 

18 


Table 1 and Eig. 1 also uphold the views which were put forward by McCance 
and Widdowson [1942 c], and which concern the relationship of the Ca and Mg 
excreted by the kidney to the amounts of these minerals absorbed from the 
gut. An increase in Ca absorption was regularly accompanied by a rise in the 
urinary excretion and vice versa. E.W. was frequently and E..M. invariably 
in negative Ca balance on these diets: both subjects were consistently in Mg 
balance, or nearly so. 

The aiwual changes 

If Fig. 1 and Table 1 are examined once more it will be seen that both E.M. 
and E. W. absorbed Ca better in the summers of 1940 and of 1942 t h a n they 
did in that of 1941. This statement is true whether the comparison is made 


Table 2. Annual changes in the absorption and eioretion of calcium 




White bread 

. .. A. 



Brown bread 

A 


Subject 

Intake 

Absorption 

> 

Urine 

Intake 

Absorption 

1 

"Urino 

oud year 

mg./day 

% of intake 

% of intake 

mg./day 

% of intake 

% of intake 

E.B, 1040 

600 

61 

63 

630 

32 

34 

1941 

477 

41 

47 

650 

16 

28 

A.M. 1940 

— 

— 



616 

14 

10 

1941 

— 

— 

— 

656 

1 

Xo 

11 

B.A. 1010 

381 

32 

34 

497 

g 


1041 

493 

22 

25 

617 

9 

11 


when white bread or brown formed the basis of the diets. Table 2 summarizes 
the data of three other persons whose metabolism was studied in. 1940 and in 
1941. It will be noted that they also absorbed Ca better in 1940 than tb6y did 
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in 1941. B. A.’s results on brown bread sbonld not be regarded as an exception. 
Her 1941 experiment was one of the very few which only lasted for 8 days, and 
consequently her absorption was less accurately measured than usual. Her 
urinary output was very much lower at that time than it had been on the same 
diet the year before. 1941 was evidently a worse year for Ca absorption than 
1940, and R.M.’s and E.W.’s extension of these experiments suggests that 
1942 was a better year than 1941 and as good as 1940. The Mg absoiptioiis 
were equally good in 1940 and 1941 (see Eig. 1), and the Mg figures forE.B., 
B.A. and A.M. have not been given. 

The absorption of phosphorus 

The absorption and excretion of P have been followed in parallel with those of 
Ca and Mg, but no changes, either annual or seasonal, have been detected, and 
the figures have "not been given. 


Discussion 

Before discussing the cause and consequences of these variations in people’s 
ability to absorb Ca, it is essential to establish the fact of their biological 
reality. People unfamiliar with the accuracy with which this sort of expen- 
ment can be carried out, or unaccustomed to the almost clock-like regularity 
of a single person’s metabolism under standardized conditions, may be inclined 
to dismiss them as the product of chance irregularities in the subject’s behaviour 
or even of technical errors. The authors are satisfied as to the biological reality 
of the variations for the following reasons ; (1 ) Their magnitude. The differences 
between the absorptions of R. M. and E. W. in the summer of 1940 and the 
spring of 1941 were quite outside any possible error in faecal coUection or 
method of analysis. The annual changes were not so large as the seasonal ones, 
but every subject showed them and they could not have been technical m 
origin. (2) The confirmatory variations in the urinary Ca [McCance & Widdow- 
son, 1942 c], to which reference has already been made. (3) The constancy of 
the Mg absorptions and urinary excretions. These acted as a check on the col- 
lections and general technique and showed up the fluctuations in Ca metabolism 
by providing the contrast of their own stability. (4) The duplication of the 
whole set of results at two levels of Ca absorption. This was the object of con- 
tinuing to study the absorptions ou both white and brown bread, and, looking 
back, the extra work would seem to have been well repaid. 

The causes of these variations must next be considered. When the seasonal 
effects were first observed, it was thought that they were probably due to 
changes in the amount of vitamin D in the food or in the amount formed by 
the sun in the skin. This was a natural hypothesis to adopt in the light of cur- 
rent ideas, and the one which Havard & Eeay [1926j put forward to account 
for the seasonal changes in the inorganic P of the serum, first observed in 
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lildien by Hesa.fc Lundageu [19221. Accordingly, ^vben tbe 
meriment of February 1911 ^as over, the diets ^ere not relaxed and 2000 
u. of vitamin D were administered daily to B. A., E.W. and B.M. for seven 
reliminary and twenty-one experimental days. Tbe drug was ^ven m tbe 
arm of calciferol dissolved in aiachis oil pilcCance & Widdowson, 1912 a] The 
ffect of vitamin D on the Ca absorptions and excretions are shown in Table 3. 

Tabu; 3. Effect of vitamin D on the absorption and urinary excretion of calcium 
Control period Feb. IWl Vitamin period March 1941 

— ^ A 

Urine 


Urine 


Subject 

mg./day 



% of intake 

% of intake 

mg./day 

B.A. 

600 

3 

15 

501 

R.M. 

665 

-15 

4 

700 

E.W. 

617 

- 6 

8 

622 


Intake Absorption 


1 9 

-S 4 

8 9 


Had D acted potently, as one might have expected it to do, the absorptions 
certainly, and also to some extent the urinary excretions, should have in- 
creased. As it was E.W.’b absorptions improved, B.M.’s also increased a little, 
but there were no appreciable changes in their urinary excretions. B.At-’s ab- 
sorption fell very slightly and her urinary excretion more definitely. Since it is 
unlikely that these three adiilts were deriving so much as 2000 i.u. of T> per day 
from their summer food or from the limited amounts of sunlight to which they 
were able to expose themselves in the warm weather, these findings made it 
impossible to maintain the view that a deficiency of vitamin D was the cause 
of the poor winter absorptions and low urinary excretions. 

It was next supposed that the variations might not be seasonal in origin but 
that high cereal diets taken over a long period of time — eight or nine months 
in this instance — might depress the absorption of Ca. This has been excluded 
by the passage of time, for since March 19A1 E.W. has eaten very little bread 
except during the metabolism experiments and R.M. practicslly none. 

Any theory as to the origin of these changes must take account of the facta 
that; (1) All the five subjects absorbed Ca better in 194,0 than they did in 1941, 
but only three of the five were affected by the passage from summer to winter. 
Hence one must suppose that the annual and seasonal fluctuations had dif- 
ferent metabolic origins. (2) The Mg absorptions did not change. This is im- 
portant, for it excludes non-specific changes in the membranes lining the 
alimentary canal. The only substance known at present which influences Ca 
but not Mg absorption is vitamin D, and although variations in the supply of 
this ritamin do not seem to have been responsible for the changes which have 
been obser^nd, it is tempting to try to explain -all of them in terms of vitamin D. 
This can be done if one supposes that, they were caused by variations in the 
resistance or in the responsiveness of these adults to the vitamin D already in 
the body or taken with the food. This is a reasonable hypothesis. It covers all 
the present observations and fits the known facts about the Ca and vitamin D 
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metabolism of adults. Healthy men and women, who are not in need of D, are 
very resistant to it. This must be so, for otherwise it would not be necessary to 
give such enormous doses to make their Ca metaboHsms alter in the chaiat- 
teristic way. Furthermore, children are known who respond very sluggishly 
to vitamin D, and there is a form of rickets which can only be cured by colossal 
doses. It has been shown that children with this disease absorb the 'vitamm 
[Bakwin, Bodansky & Schorr, 1940], so that in them tissue resistance is a 
proven fact, and one may compare it with the better known resistance to 
insulin, which may develop in certain diabetics. It is suggested, therefore, that 
both the annual and seasonal variations in the abUity of these adults to absorb 
Ca were primarily and directly due to variations in their responsiveness to the 
vitamin D available to them, but that these variations in responsiveness were 
due to u nkn own and probably different metabolic origins. If an adult's re- 
sponsiveness to vitamin D does alter ffom one time of year to another it might 
be possible to demonstrate that persons, whose Ca absorptions exhibited 
seasonal variations, were more easily affected by administered vitamin I) in the 
summer than they were in the winter. If the response to D does vary from oue 
year to another and from one season to another, why it does so becomes the 
problem, and at present there appear to be no clues at aU. Seasonal changes m 
avian Ca metabolism are well known and might be helpful, but man is a much 
less seasonal animal and has a very different metabolism. Some progress might 
be made if these annual and seasonal phenomena were to be studied simultaBe- 
ously by observers in Europe, Horth America, South Africa and Australia, hut 
this wmdd require considerable organization. 

The significance of these observations seems to be twofold — ^practical and 
theoretical. From the purely practical point of view, aU those interested lu 
human Ca metabolism should be alive to the possibility of having their experi- 
ments vitiated or upset by fluctuating Ca absorptions. If the studies are te 
continue over a period of months, it may be necessary to mm two or even more 
control experiments, and it is obvious that changes of the kind just described 
might greatly interfere with an attempt to study the effect of pregnancy on Ca 
metabolism. It must be remembered also that only certain persons can be 
expected to show seasonal instability, and at present there is no way of pre- 
dicting whether any given individual is likely to do so or not. Furthermore, 
although 1941 was demonstrably a worse summer for Ca absorption than 1940 
or 1942, it is impossible to give any estimate at present of the size of variation 
to be expected from any one year to the next. Theoretically these results are 
stimulating if not at present very constructive. The fluctuations in Ca absorp- 
tion appear to be due to some factor or factors in Ca metabolism hitherto 
undescribed and which will ultimately have to be defined and characterized. 
If seasonal variations in a person’s responsiveness to D should be substantiated 
by future findings, some similar phenomenon may very weU turn out to under- 
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lie tlie more or less permanent differences wliicli two perfectly normal people 
, may exhibit in their ability to absorb Ca. The more one considers these personal 
; differences, the more interesting they appear 'to be, and it is odd -that they 
. shoTild have attracted so little attention. It is certain that the Mg absorptions 
arc not subject to the same control— whatever it may be [McCance & Widdow- 
. son, 1942 a, 6]. 

SUMMABY 

' 1. Large seasonal variations in Ca absorption have been demonstrated in 

' three out of six; people who were taldng part in_ a metabolism experiment. 

■ Least Ca was absorbed in February and March; most in July and August. 

2. All persons — ^five in number — ^who were under observation in the suc- 
' cessive summers and autumns of 1940 and 1941, absorbed Ca more freely in the 
‘ former year. 

; 3. All changes in absorption were accompanied by corresponding changes 

. in urinary excretion. 

: 4. The ilg absorptions and urinary excretions did not huctuate in the same 

f way and remained very constant bver the whole period of investigation. 

, 6. The adminktration of 2000 i.u. of vitamin D in March 1941 did not 

materially improve the absorption or urinary excretions of Ca. 

The authors are grateful to all the subjects, but particularly to B.A. for her Belf-eacrifioe and 
‘ co-operation. The investigation rva* in part financed by the Medical Eesearch Council, and E. M. W. 
1 , is in the -whole-time service of the Council. The calciferol -was kindly gi-vea by Messrs Glaxo, Ltd. 
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EFFECTS OF X-RAYS ON ACETYLCHOLINE SOLUTIONS 
SHOWING THE DILUTION AND PROTECTION 

PHENOMENA FOUND FOR ENZYMES 

By W. M. D^XE, From the Christie Hospital and 
HoU Radium Institute, Manchester 

(Received 23 November 1942) 

In two previous papers [Dale, 1940, 1942] the effect of X-rays on enzyme boIu- 
tions has been investigated quantitatively and, without repeating the details, 
it has been shown that a dilute enzyme solution can be inactivated by a given 
dose of X-rays more completely relative to its initial concentration than can a 
more concentrated one, and the implications of this phenomenon have been 
discussed. It has also been shown that organic non-enzymatic substances dis- 
solved in the enzyme solution inhibit the radiation effect. From this inhibition 
phenomenon it could be assumed that the mode of action of the radiation ■was 
not confined to enzymes but could be extended to any organic substance. 
A direct proof, however, which is not based on .enzymatic reactions as indi- 
cators of radiation effects, is still needed, and it is the purpose of this paper to 
show that the effect of X-rays, found to hold for enzyme solutions, can be 
extended to include non-protein, non-enzymatio substances. 

Acetylcholine (denoted in what follows by ACh.), has a powerful depressing 
effect on the contraction of the heart muscle when used in concentrations com- 
parable to that of enzymes. It was, therefore, hoped that the effect of X-rays 
on ACh. solutions could be demonstrated when Clark’s technique of testing 
ACh. solutions on the isolated ventricular strip of the frog’s heart was em- 
ployed. I am indebted to Dr W. Schlapp for having drawn my attention to 
Clark’s method as, an alternative to the use of the muscle of the leech which is 
unobtainable at present. 

Clark [1926] has given a detailed account of the relation between the action 
of ACh. and its concentration. In the Gist place the activity varies lOO-foW 
for a 10,000-fold change of concentration of ACh., i.e. the reaction of the muscle 
to a change of concentration is relatively small, and therefore greater doses of 
X-rays compared with those used for enzymatic solutions will be required to 
show marked inactivation effects. Furthermore, the approximately linear drop 
in action obtaining for medium concentrations of ACh. flattens out for de- 
creasing concentrations, so that roughly a 60-fold drop in concentration is 



' EFFECTS OF X-BAYS ON AOETYLGHOLINE SOLUTIONS 51 

leqmied to remove tlie last 20% of action as compared witli a 5-fold drop to 
ower tlie action from 60 to 40%. Tlie test, therefore, is more sensitive to a 
iliange of concentration in this steeper part of the curve, i.e. towards increasing 
concentration. On the other hand, as shown in the author’s first paper, in- 
creasing concentration requires increasing the X-ray dose to obtein a given 
percentage destruction. The radiosensitivity of this biological test is, therefore, 
lower than that of enzymatic reactions. 

hlETHODS 

To show a sufficiently marked radiation effect the following layout and 
technique of the experiments were adopted. Two ACh. solutions, T7 and S, 
differing 10,000-fold in concentration, were exposed to an X-ray dose of 40,000 r. 
Solution W was 2-5 x 10^ M. and solution S was 2*6 x 10-^ M with respect to 
ACh. The stronger solution S was diluted 10,000 times after irradiation. In the 
tracings which follow, solution W after irradiation is marked IF* and solution 
S after irradiation and dilution STF*. An uidrradiated portion of solution IF 
was kept as control. The ACh. content of the solutions IF, STF* and TF* was 
then tested on the ventricular strip of the heart. 

The test of the activity of the ACh. solution on the heart muscle has to be 
carried out in Ringer’s solution, tluring irradiation, however, the ACh. solu- 
tion should not contain the Ringer constituents winch must, therefore, be 
added after irradiation. For this purpose the XaCl, KCl and CaClj of Ringer’s 
solution were dissolved in 0-6 mb of water in such a concentration that addition 
of 24 ml. of the irradiated solution made their concentration identical with that 
of Ringer’s solution as used by Clark. Then 0;6 ml. of the remaining Ringer 
component NaHCOj was added in a likewise appropriate concentration. 

This division of the Ringer components and their order of mixiTig is necessary 
to avoid precipitation of the calcium and the contact of ACh. with a too 
alkaline solution. 

For the actual test of the ACh. solution Clark’s technique was adopted with- 
out major alterations, though it should be mentioned that it was found ad- 
vantageous to allow the heart muscle to settle after its preparation for about 
2 hr. and then to stimulate it with regular break induction shocks for about 
15 mm. in Ringer’s solution before the actual recording of the muscle’s con- 
traction m the experimental solutions was started. For each change of fluid 
■ the electrical stimulation was interrupted for about 8 sec. The frequency of the 
stimulation was usually 30 per min. 

Irrauiatiox 

The ACh. solutions were irradiated with rays of half-value layer of 6 mm. Cu 
from a 500 kV. JletropoUtan-Vickers continuously evacuated X-ray tube with 
a cool window. The dosage rate was approximately 370 r. per mim 
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The ^dilution’ effect 

A tracing of a typical experiment is shown in Kg. 1 A, B. In A as well as ] 
periods of i mm ersion in Ringer’s solution- without ACh. were inserted betwea 
each change of A. Oh. solution, and in both tracings the irradiated weaksolutio: 
(W*) shows the least depressing effect on the muscle’s contraction, indicatin 
a reduced ACh. content, whereas the unirradiated control solution (IF) and th 
irradiated strong solution diluted after irradiation (SJ¥*) indicate an identica 
ACh. content. 



Fig. IB. 

Fig. 1. A. The efifeot of irradiated and nnirradiated solntiona of acetylcholine on the frog’s head 
F=Ringer’8 solution; IF = acetylcholine 2-6xlO~*Jf; IF* = acetylcholine 2-6 xlO"* 
irradiated; 5IF*=acetylcholine 2-5xl0~* Jf irradiated and after irradiation dilnted 10 
times. B. As A, with reversed order of immersion. 

Tracing B differs from A only in the order of immersion of the muscle mb 
the various solutions, demonstrating that the results are independent of thf 
order of immersion. 

Tig. 2 shows the same reduced ACh. content in W*, the difference of pro^ 
cedure being that the change from one fluid to the other was done directlj 



Fig. 2. Immersion without intervening Ringer periods; in the second half of the tracing order o 

immersion changed. 


without intervening Ringer periods. The gradual increase of the muscle con- 
traction for W* shown in the first half of the tracing to its proper final value 
demonstrates that a change from a more concentrated solution to a weaker one 
has taken place. In the second part of the tracing after one Ringer period, the 
order of immersion was changed again. These tracings prove that the weat 
solution is inactivated more completely relatively to its initial concentration 
• than the strong one. 
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The ‘protection’ effect 

In a sinulat way, it can be abown that tbe presence of another organic sub- 
stance in the ACh. solution during irradiation inhibits the radiation effect. 
Glucose, being innocuous to the workLug of the muscle, was chosen as an 
inhibitor. 

Jor this experiment the following solutions were required: 

[ (A) ACh. 10-8 M. ' ' 

For irradiation | (Y) ACh. 10-® M containing glucose of the concentration of 
[ 1-1 X 10-2 M. 

(Z) ACh. 10-8 M as an unirradiated control. 

Solutions X (after irradiation) and Z as well as the Ringeris solution are 
made up to the same glucose content as solution Y. 



Fig. 3. The efifect of irradiated and nnitradiated BointionB of acetyVchoiine on the frog’s heart in 
the presence and absence of ^ucoso during irradiation, aith intervening Ringer periods. 
B=Emget’s eolation; 4= acetylcholine A* = acetylcholine 10"* ilf irradiated; 

[A +(?]* = acetylcholine 10"* M irradiated in the presence of l-l x 10"’ M glucose. 


R A A* [A+G]* R 
Fig. 4. The aame as Fig. 3 without intervening Ringer periods. 

The experiments have been carried out again with (Fig. 3) and without 
(Fig. 4) intervening Kinger periods. In both tracings the presence of glucose 
in the ACh. solution ([A +G]*) protected against the irradiation effect, whereas 
the ACh. solution without glucose (A*) was reduced in activity. 




Discussion 

The results of the present paper cannot be seen in tbtir right perspective with- 
out briefly recaUing relevant points of the two previous papers on the enzymes 
carboxypcptidase, polyphenoloxidase and d-amino-acid oxidase. There the 
dilution and the protection phenomena in their relation to the inactivation of 
these enzymes have been shown. The results excluded the possibility of a direct 
action of radiation on these enzymes and could be understood only if the X-rays 
form an intermediate product from the water which in turn reacts with the 
enzymes. Since many organic, non-eozymatic, non-protein substances pro- 
tected the cnzyiics against inactivation by X-rays, it was assumed that the 
mode of action of radiation could be extended to these substances. A fair 
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justification for tfiis assumption was provided by tbe inactivation of the organic 
prosthetic group of the amino-acid oxidase — alioxazinadenine dinncleotide— 
itself non-enzymatic and non-protein, though still related to an enzyme. 

The present ACh. experiments are not based on enzymatic reaction at all, 
and therefore show clearly that both the dilution and the protection phe- 
nomena hold for a representative of biologically active, organic, non-proteia 
substances, and that such substances obey the same laws of inactivation hy 
X-rays as do enzymes. 

Another point of importance only deduced in the discussions in the two 
previous papers now appears to be demonstrated experimentally. There it was 
stated that radiosensitivity, in the biological sense, is not a fixed entity but a 
variable, the value of which depends on the concentration of the material sub- 
jected to radiation, on the presence of ‘protecting’ substances and, by deduc- 
tion, on its particular function within the living cell. The response produced by 
acetylcholine varies only narrowly for large variations of its conoentratioa 
Any absolute radiation effect therefore appears to be expressed on a diminish^ 
scale in terms of this response. This instance of radiation effect shows that m 
living material a reaction of this land must be far less important from the point 
of view of radioaensitivity than that found for enzymes, for which radiabon 
effects are expressed on a greatly enlarged scale in terms of the response 
measured, owing to the catalytic nature of their action. 

SUMMABT 

1. Solutions of acetylcholine as a representative of organic, non-protein, 
biological substances, entirely unrelated to enzymes, have been exposed to 
X-radiation and then tested for their biological activity on the isola^ 
ventricular strip of the &og’s heart stimulated by regular break induction 
shocks. 

2. It is shown that' a dilute solution is inactivated by a given dose of X-iay® 
more completely relatively to its initial concentration than a more concentra^ 
one, and that glucose present in the acetylcholine solution during irradiation 
inhibits the radiation effect. 

3. This proves that the mode of action of X-rays on acetylcholine is the 
same as that previously found to hold for enzymatic solutions. 

4. The significance of these results and the relative radiosensitivity of 
acetylcholine as compared with enzymatic reactions are discussed. 
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THE OXYGEN AFFINITY OF HUMAN MATERNAL 
AND FOETAL HAEMOGLOBIN 

By E. F. McCarthy, From the Depart7nent of Physiology, University College, 
Cork, and the Departrnent of Physiology, King’s College, London at Glasgow . 
University, and St Thomas’s Hospital Medical School, Godaiming 

{Received 3 December 1942) 

The present commtmication records a comparative investigation of the oxygen 
dissociation curves of human maternal and foetal haemoglobin. Previous work 
[McCarthy, 1933] has shown that foetal haemoglobin in the goat has a higher 
affinity for oxygen than the maternal haemoglobin. Similar results were 
obtained by Hall [1934] using dilute solutions of haemoglobin from the goat, 
sheep and fowl. Haselhorst & Stromberger [1931] studied human maternal 
and foetal blood by determining the relationship between the K of Hill’s 
formula and the hydrogen-ion concentration, assuming that » is a constant. 
Oxygen dissociation curves determined by calculation differed in position, 
the foetal curve being found to the left of the maternal. Eastman, Gelling 
& de Lawder [1933] and Leibson, Likhnitzky & Sax [1936] published experi- 
mentally determined curves which substantiated the difference in position, 
in agreement with the findings of Barcroft, Elliot, Flexner, Hall, Herkel, 
McCarthy, McClurkin & Talaat [1934] on the goat and those of Boos & Eomijn 
[1938] on the cow. Haurowitz [1935] and R. Hill & Wolvekamp [1936] have 
stated, however, that in dilute solution human foetal haemoglobin has a lower 
affinity for oxygen than maternal haemoglobin, and that this relationship is 
reversed when dilute suspensions of corpuscles are employed. Their results 
were obtained by spectroscopic methods, and it seemed desirable that such 
data should be compared with gasometric measurements made by standard 
methods on more concentrated haemoglobin solutions and corpuscle suspensions. 

Preparation of haemoglobin solutions 

Samples of blood were obtained from the umbilical cord at birth and from 
the mother by arm venepuncture within an hour of delivery. The corpuscles 
were washed with salt solution and the stromata were removed according to 
the method described by Adair <fc Adair [1934]. The preparations were dialysed 
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in collodion mem'branes with distilled water and subsequently with Sorensen 
phosphate buffer mixture containing mol. of disodium hydrogen phosphate 
■jcT ni6l. of potassium dihydrogen phosphate per litre of solution. The pH 
value of this mixture is about 6‘78 at 38° C. They?H value of 6'8 was chosen 
in preferencedio the more physiological 7-4 for reasons discussed in a previous 
paper [McCarthy, 1933]. In the experiments numbered 11, 12, 13, 14 and 20 
in Table 1, the haemoglobin solutions were dialysed against the isotonic buffer 


Table 1 


Exp. 

no. 

* 

Nature of preparation 

Source , 

Buffer 

Oxygen 
pressure in 
mm. Hg 
at half 

saturation n 

OiygM 
capacity 
c.a/ 
100 o,a 

1 

Solution of haemoglobin Normal 

Dilnte 

20 

2-18±0'18 

16-01 

2 

** 

tt 

tt 

27 

2-32 ±0-13 

17'80 

3 

tt 

tt 

tt 

23 

1-8 ±0-13 

0-82 

4 

n 

Maternal 

tt 

27 

2-2 

4-28 


ft 

Eoetal 


28 

1-7 

16-76 

6 


Maternal 

tt 

21 

1-7 ±0-20 

12-17 


tt 

Foetal 

tt 

26 

1-9 ±0-13 

0-60 

0 

tt 

Maternal 

tt 

25 

2-1 ±0-2 

4-00 


tt 

Foetal 

tt 

30 

■ 2-2 

10-06 

7 

tt 

Maternal 

tt ' 

24 

2-26i0'16 

10-05 


’ tt 

Foetal 

tt 

26 

l-86±0-16' 

13-20 

8 

tt 

tt 

tt 

24 

1'6 

11-00 

9 

tt 


tt 

19 

1-7 

' 7-34 

10 

tt 

tt 

tt 

21 

213 

6-30 

11 

tt 

Maternal 

Concentrated 

32 

2-7 ±0-2 

7-85 


tt 

Foetal 

tt 

38 

2-6 

18-33 

12 

tt 

MatemEtl 

tt 

31 

2-3 ±0-2 

0-16 


tt 

Foetal 

tt 

38 

2-6 ±0 2 

14-08 

13 

tt 

Maternal 

V 

tt 

33 

2-82 ±001 

14-00 


tt 

Foetal 

tt 

38 

2-8 ±0-0 

16-41 

14 

tt 

Maternal 

tt k 

31 

2-6 

10-80 



Foetal 

tt 

33 , 

2-1 

22-00 

16 

Suspension of corpuscles 

tt 

Maternal 

tt 

41 

2-64 

14-62 


Foetal 

tt 

36 

2-46 ±0-12 

16-60 

' 16 

ft 

Maternal 

ti 

43 

2-6 

10-60 


tt 

Foetal 

tt 

38 

2-2 ±0-1 

20-14 

17 

tt 

Maternal 


• 40 

3-0 ±0 0 

10-72 



Foetal 

tt 

37 

2-86 

14-37 

18 

tt 

Maternal 

tt 

40 

2-4 

17-00 


tt 

Foetal 

tt 

40 

2-6 

16-62 

10 


Maternal 

tt 

42 

— 

'6-60 

20 

tt 

Solution of haemoglobin 

Normal 

tt 

40 



16-83 


tt 

tt 

31 

2-8 

16-00 


described in the next paragraph, to ensure that the measurements on solutions 
and on corpuscles were made imder comparable conditions as regards pS value 
and salt concentration. 
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Preparation of corpuscle suspensions 

Samples of blood were centrifuged and tbe plasma was removed. The 
corpuscles were washed three times with isotbnic phosphate buffer containing 
M/14 mol. of potassium dihydrogen phosphate and M/14 mol. of disodium 
hydrogen phosphate per litre of solution. The pH of this mistuxe at 38 G. 
is approximately 6*8. The corpuscles were then suspended in th6 buffer 
solution and stored at 0° C. for periods from 1 to 3 days. 


Tabm 2 

Exp. 

no. Source 


1 Normal 

PresBure in mm. Hg 24 • 

26 

29-5 

41-6 

42-7 

63*2 

— 



% saturation 46 

47-5 

69 

76-6 

76 

84*3 

— 

2 


Fressure in mm. Hg 

7 

22 

51-7 

33 

41 

60*4 

— 



% aatnration 

6-6 

37-4 

60 

60-3 

73-6 

90-4 

— 

3 


Pressnre in mm. Hg 

18 

32-3 

48-2 

62 

69-6 

— • 

— 



% saturation 

41-6 

66 

80-7 

83 

84-6 

— 

— 

4 

Maternal 

Pressure in mm. Hg 

16-3 

26-6 

34-3 

61 

— 







% saturation 

23-6 

60-4 

62-3 

79-5 

— , 

— 

— 


Foetal 

Pressure in mm. Hg 

21-4 

26 

32-3 , 

42-2 

69 

62-2 

80*2 



% saturation 

34 

47-7 

67-7 

69 

,79-4 

79 

86'3 

6 

Maternal 

Pressure in mm. Hg 

19-2 

27-6 

36-6 

68-0 








% aaturation 

40 

63 

75 

86 

— 

— 

— 


Foetal 

Pressure in mm. Hg 

16 

24 

32-4 

34-2 

46-6 

- 

- - 



% saturation 

21-3 

39-7 

62 

60 

73-2 

— 

— 

7 

Maternal 

Pressure in mm. Hg 

16-8 

29 

44-5 

_ 







% saturation 

31-4 

66 

82 

— 

— 



— — 


Foetal 

Pressure in mm. Hg 

17-2 

26-8 

42-7 

62-8 








% saturation 

38-3 

48 

72-3 

78-6 

— 

— 

— 

8 


Pressure in mm. Hg 

IM 

25-6 

- — 





__ 




% saturation 

24-6 

62-3 

— 

■— 

— 

_ — 

— 

9 

»» 

Pressure in mm. Hg 

0-03 

20 

20 









% saturation 

21-6 

62-4 

63 

— 

— 

— 


10 

ft 

Pressure in mm. Hg 

14-4 

20-7 

19 

32-1 


43*5 

44-2 



% saturation 

33-2 

49-3 

47 

69 

71 

85*4 

86 

11 

Maternal 

Pressure in mm. Hg 

20 

38 

42-5 

68 







% saturation 

21 

65 

72 

80-7 







Foetal 

Pressure in mm. Hg 

29-6 

39-3 

48-8 

55 







% saturation 

35-6 

63-2 

65'8 

75 

— 



n 

13 

Maternal 

Piessuro in ram. Hg 

21-t 

35-2 

48 

62-6 






% saturation 

24-4 

65 

72 

87 






Foetal 

Pressure in mm. Hg 

20-6 

37-4 

45-5 

61 

65 

65-2 




% saturation 

21-2 

50-7 

60-6 

74-7 

85*7 

88-4 


18 

Maternal 

Pressure in mm. Hg 

10-6 

31 

38-6 

46-6 

54 

76-6 



Foetal 

% satumtiou 

7-8 

34 

47 

69 

73-4 

83 



Pressure in ram. Hg 

14-6 

22-7 

36 

46 

64 

80 

1 



% saturation 

9-4 

17-6 

40-2 

60-4 

77 

82-4 


19 

Maternal 

1 Pressure in mm. Hg 

16 

21 

26 

64 





•Jo saturation 

7-8 

16-3 

20-4 

74 





:o 

Norroal 

Pressure in mm, Hg 
3 2o saturation 

32-2 

38 

47 






corpuscle 

29-7 

46 

68-2 




— 


Normal Pressure in mm. Hg 

haemoglobin % aatoration 

15-6 

IC-2 

20-6 

18-2 

30-7 

47-6 

36 

04-2 

44-3 

73 

57 

84 

— 
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Oxygen dissociation curves 

Tlie haemoglobin solutions and corpuscle suspensions were equUibra^ at 
37° C. in small saturators of 30-60 c.c. capacity described by Baroroft [1934]. 
For each point, one determination of the percentage oxygenation was made 
in 04 c.c. of fluid by the Van Slyke manometric method. The oxygen pressure 
was measured by duplicate Haldane analyses on the gas phase. 



Fig. 1. Oxygen dissociation curves of haemoglobin in solution: circles, foetal; squares, matemaL 
Ordinates: percentage oxygen saturation. Abscissae oxygen pressure in mm. Hg. 1, cosi* 
poaite curve of maternal haemoglobins. Curves 2 and 3, Fxp. 12. Curves 4 and 6, Exp. 
Curves 6 and 7, Exp. 5 (buffer Jf/16). Oxygen capacities are recorded m Table 1. 

Table 1 gives for each preparation the oxygen capacity, the value of n 
calculated by Hill’s equation, and the oxygen pressure at which the haemo- 
globin is half oxygenated. The percentage saturation at varying pressures of 
oxygen for different solutions are recorded in Table 2. 

Measurements on haemoglobin will be considered first. The curve numbered 1 
in Fig. 1 is a composite curve of maternal haemoglobins dialysed against 
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isotonic (M/7 phospliate) buffer mbdmxe. The smaU range of variation indicates 

that the component curves are probably identical. 

The curves for foetal haemoglobin are to the right of the maternal, altho g 
in some cases the difference in position is very slight. The pair of curves 
numbered 2 and 3 from Exp. 12 the curves 4 and 5 from Exp. 14 were 



Fig. 2. Oxygen dissociation onrves of Enspensions of coipaselee: circles, foetal; sqjmres, maternal. 
Ordinates: percentage oxygen satnration. Abscissae: oxygen pressure in rnn^ Hg, com- 
posite curve of maternal corpuscles. Curves 2 and 3, Exp. 16. Curves 4 and 6, Exp. 16. 
Curves 0 and 7, Exp. 17. Oxygen capacities are recorded in Table 1. 


obtained from haemoglobin preparations dialysed against isotonic buffer. The 
results of Exp. 5, in which M/15 buffer was used, are shown in the curves 
numbered 6 and 7. The lower electrolyte content alters the position of the 
curves, the 60% saturation point being moved, on an average, 8 mm He to 
the left. . ■ ^ 

O.xygen dissociation curves on foetal and maternal corpuscles suspended in 
isotonic buffer solution are shown in Fig. 2. The curve numbered 1 is a com- 
posite curve of all the maternal corpuscles. The range of variation here is also 
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small. The curves numbered 2 and 3 and the pair 4 and 6 show the resulta of 
Exps. 16 and 16 respectively. The data of Exp. 17 are represented by curves 6 
and 7. The position of the curves is now seen to be reversed and the foetal 
curve lies to the left of the maternal in accordance with the findings for whole 
blood of Leibsonrci al. [1936], This difference may be very slight and in one 
experiment (18) both cinrves appear to be identical. There is a close resemblance 
also between the wide range of variation in the shape of the foetal curves 
reported by these authors and that observed in this work. Leibson et al 
describe two extreme types of dissociation curve for foetal blood with numerous 
intermediate forms. One type resembles the adult in shape differing only in 
position; while the other has a greater degree of inflexion, rising more sharply 
than the maternal curve which it crosses in the' region of 60-70 mm. pressure. 
If due allowance is made for the reversal in position of the haemoglobin curves 
it is evident that the pair of curves numbered 2 and 3 in Pig. 1 and curves 6 
and 7 in Fig. 2 conform more to the first type, while the remaining pairs of 
curves in Figs. 1 and 2 resemble the second type. Similar variations have been 
described by Barcroft et al. [1934] in foetal goat blood and by McCarthy [1933] 
in foetal goat haemoglobin. The difference in shape of the curves may be 
expressed by the calculation of « in Hill’s equation, yim=Kx^l(l+Kx% ri 
which y represents percentage saturation, x oxygen tension and E is a constant 
The value of n was determined by formula from two points covering a wide 
range of saturation [McCarthy, 1936] or from logarithmic curves. The average 
value of n for foetal haemoglobin is 2-1 with a probable error of +0’2, and 
for maternal haemoglobin 2-3, with an error of +0'2. 

It remams to consider the significance of the reversal of the positions of the 
foetal and maternal dissociation curves determined on corpuscles and on 
haemoglobin solutions. The data obtained in four pairs of corpuscle suspensions 
and a similar number of haemoglobin solutions indicate that foetal haemo- 
globin imdergoes little alteration in oxygen affinity on separation from the 
corpuscle, the average pressure at 60% saturation being reduced by less than 
2 mm. Hg. The maternal corpuscle affects the behaviour of haemoglobin to 
a much higher degree, the average oxygen pressure at 60 % saturation for 
maternal haemoglobin being 9 mm. Hg less than that obtained for maternal 
corpuscle suspensions. Hill & Wolvekamp [1936], using dilute, solutions and 
suspensions of blood, found a similar change but stated that the apparent low 
oxygen affinity of human foetal haemoglobin was due to a great increase in 
the oxygen affinity of the corresponding adult haemoglobin on dilution. The 
findings in the present work, in which stronger maternal haemoglobin solutions 
were used, indicate that human foetal haemoglobin, unlike that of other 
species investigated, has a lower oxygen affinity than maternal and that this 
relationship is reversed in whole blood by some unknown properties of the 
maternal corpuscle. The data recorded in Exp. 20 indicate moreover that the 
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:orpuscle of tlie non-pregnant woman resembles tbe maternal corpuscle in its 
iffect on tbe bebavioux of baemoglobin. Furtber discussion on this subject 
must be postponed until other properties of tbe foetal and maternal corpuscles 
liave been investigated. 

Stboiabt 

1. Oxygen dissociation curves have been measured gasometricaby on con- 
centrated solutions of baemoglobin and suspensions of corpuscles obtained, 
from human maternal and foetal blood. 

2. Human foetal haemoglobin has a lower afbnity for oxygen than maternal 
haemoglobin. This relationship is reversed in suspensions of corpuscles since 
the maternal and foetal corpuscles in&uence-tbe behaviour of haemoglobin to 
different degrees. 

3. The maternal corpuscle causes a marked decrease in the oxygen affinity 
of haemoglobin. The foetal corpuscle does not affect haemoglobin significantly 
in this respect. 

I am indebted to Sir Joseph Baroroft and Br Q. S. Adair for reading the mannscript and helpfnl 
anggestiona. I also viah to express my thanha to Mr James 'Wyatt for pro-riding samples of foetal 
and maternal blood and to Dr IL Gallagher and Dr M. Hickey for their technical assistance. 

The expenses of this -work were de&ayed in part by a grant from the Medical Research Council 
of Ireland. 
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^all. The curves numbered 2 and 3 and the pair 4 and 6 show the results of 
. respectively. The data of Exp. 17 are represented by curves 6 

an 7. The position of the curves is now seen to be reversed and the foetal 
cmve lies to the left of the maternal in accordance with the findings for whole 
ood of Leibsonict al. [1936], This difference may be very shght and in one 
e^eriment (18) both curves appear to be identical. There is a close resemblance 
a 0 between the wide range of variation in the shape of the foetal curves 
reported by these authors and that observed in this work. Leibson cl al 
descnbe two extreme types of dissociation curve for foetal blood with numerous 
mtermediate forms. One type resembles the adult in shape differing only in 
j^sition, while the other has a greater degree of inflexion, rising more sharply 
than the maternal curve which it crosses in the' region of 60-70 mm. pressure. 
H due allowance is made for the reversal in position of the haemoglobin curves 
it is evident that the pair of curves numbered 2 and 3 in Fig. 1 and curves 6 
and 7 m Fig. 2 conform more to the first type, while the remaining pahs of 
curvM in Figs. 1 and 2 resemble the second type. Similar variations have been 
descnbed by Barcroft et al. [1934] in foetal goat blood and by McCarthy [1933] 
in foetal goat haemoglobin. The difference in shape of the curves may be 
expressed by the calculation of k in Hill’s equation, y/100=Fi2:’’/(l+F®")> 
which y represents percentage saturation, x oxygen tension and Kiss, constant. 
The value of n was determined by formula from two points covering a wid* 
range of saturation [McCarthy, 1936] or from logarithmic curves. The averagu 
value of n for foetal haemoglobin is 2’1 with a probable error of +0'2, and 
for maternal haemoglobin 2'3, with an error of + 0‘2. 

It remains to consider the significance of the reversal of the positions of the 
foetal and maternal dissociation curves determined on corpuscles and on 
haemoglobin solutions. The data obtained in four pairs of corpuscle suspensions 
and a similar number of haemoglobin solutions indicate that foetal haemo- 
globin undergoes little alteration in oxygen affinity on separation from the 
corpuscle, the average pressure at 50% saturation being reduced by less than 
2 mm. Hg. The maternal corpuscle affects the behaviour of haemoglobin to 
a much higher degree, the average oxygen pressure at 60 % saturation for 
maternal haemoglobin being 9 mm. Hg less than that obtained for maternal 
corpuscle suspensions. Hill & Wolvekamp [1936], using dilute, solutions and 
suspensions of blood, found a similar change but stated that the apparent low 
oxygen aflinity of human foetal haemoglobin was due to a great increase in 
the oxygen affinity of the corresponding adult haemoglobin on dilution. The 
findings in the present work, in which stronger maternal haemoglobin solutions 
were used, indicate that human foetal haemoglobin, unlike that of other 
species investigated, has a lower oxygen aflinity than maternal and that this 
relationship is reversed in whole blood by some unknown properties of the 
maternal corpuscle. The data recorded in Exp. 20 indicate moreover that the 
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orpuscle of the non-pregnant woman resembles the maternal corpuscle in its 
ffect on the behavionr of haemoglobin. Further discussion on this subject 
anst be postponed until other properties of the foetal and maternal corpuscles 
lave been investigated. 

Stohiabt 

1. Oxygen dissociation curves have been measured gasometrically on con- 
centrated solutions of haemoglobin and suspensions of corpuscles obtained, 
from human maternal and foetal blood. 

2. Human foetal haemoglobin has a lower afSnity for oxygen than maternal 
haemoglobin. This relationship is reversed in suspensions of corpuscles since 
the maternal and foetal corpuscles influence-tbe behaviour of haemoglobin to 
different degrees. 

3. The maternal corpuscle causes a marked decrease in the oxygen affinity 
of haemoglobin. The foetal corpuscle does not affect haemoglobin significantly 
in this respect. 

1 am indebted to Sir Joseph Baroroft and Dr Q. 8. Adair for reading the manusoript and halpfol 
suggestiona. I also vnsh. to express my' thanks to Mr James "Wyatt for providing samples of foetal 
and maternal blood and to I>r M. GaUagber and Dr M. Hickey for their teohnioal assistance. 

The expenses of this -work were defrayed in part by a grant from the Medical Research Connoil 
of Ireland. 
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EXPERIMENTS ON THE BLOOD SUPPLY OF NERVES , 

By F. H. BENTLEY and W. SCEQjAPP, 'From the Departments of 
Surgery and of Physiology, Manchester University 

{Received 14 December 1942) 

In a recent review Adams [1942] .has drawn attention to the fact that there is 
tut little experimental evidence regarding the part played by the circulation 
in maintaining the functions of nerves. Much work has, however, been done 
on the reaction of isolated nerve to asphyxia, and reference need only he made 
to the important paper by Gerard [1930]. It seems reasonable to assume that 
the facts elicited by such experiments apply also to nerve in situ, and that its 
behaviour wiU consequently be modified by the presence and extent of the 
■circulation. 

Almost the only direct experimental approach along these lines is that of 
Koch [1926] who investigated the effect of ischaemia on the current of injury) 
though Frohlich & Tait |^1904] had demonstrated the dependence of the 
excitability of nerves upon blood supply. Reference should also be toade to 
the work of Forbes & Ray [1923] on the conditions of survival of mammalia 
nerve trunks. No less important, if less direct, is the evidence of Lewis, 
Pickering & Rothschild [1931], whose experiments, carried out with pneu- 
matic cufis applied to the arm of the human subject, demonstrated a centri- 
petal spread of anaesthesia. 

It is sufficiently obvious that the blood supply of nerves has a considerable 
functional, importance. It has been our object in this wofk to investigate 
riirectly the effects of ischaemia upon conduction in nerve and to assess as far 
as possible the significance of a blood supply. 

Methods 

. Tbe experiments were done on cats anaesthetized by the intraperitoneal injec- 
tion of 0-7 c.c./kg. body weight of ‘Dial Liquid Compound’. Experiments 
were carried out in a chamber at 34—36° C., and the atmosphere was almost 
saturated with water vapour to prevent cooling and drying of the exposed 
parts of the nerve. The animal was allowed to breathe air cooled by passing 
through a copper spiral immersed in iced water; respiratory valves ensured the 
correct direction of the air flow. By this means the rectal temperature was 
hept constant at 37° C. The nerve employed was the external popliteal division 


BLOOD SUPPLY OF NERVE 


,f the sciatic, and it was stimnlated supra-maximaTly through silver electaodes 
ielivering shocks induced in the secondary of an air-cored transformer by the 
iischaige of a condenser through the primary. Action potentials were recorded 
monophasicaUy from non-polarizable Ag-AgCl-saline-wick electrodes by 
means of a condenser coupled valve amplifier of conventional design, and a 
cathode-ray oscillograph. It is concluded that these recording electrodes are 
not in fact polarized by the current of iniury because identical results have 
been obtained both with and without an input condenser. The system had an 
over-all time constant of 100 msec. Photographic records were made of single 
traverses, which were suitably timed in relation to the action potentials by 
means of a Keith Lucas pendulum. The rate of the traverse and its exponential 
. character were checked with a beat-fiequency oscillator. 

Unless there is a statement to the contrary the nerve in each experiment was 
divided close to the sciatic notch and its motor branches at the knee were cut. 
There was thus available a conduction distance of from 20 to 25 cm. If the 
nerve trunk had to be exposed for experimental purposes the muscles and the 
skin were always sutured over the nerve and the ends of the trunk only exposed 
' at intervals for stimulation and recording, after which they were buried again 
in the hmb. 

The record of the action potential taken at the anHe after stimulation at the 
sciatic notch remained constant for at least 6 hr. ; it showed the A wave of 
Gasser [1934] due to impulses in the larger fibres, with a conduction rate of 
35-75 m./sec. The effects of ischaemia on the A wave only were studied. The 
altered state of the nerve was reflected in the changed action potential whose 
height is proportional to the voltage developed; this in its turn was accurately 
determined by the use of a suitable calibrator. 

It has been thought desirable not to lengthen the description which follows 
by including protocols; the experiments which are described have all been 
repeated several times with the same results. Where there have been variations 
in the times recorded in repetitions of the same experiment the extreme limits 
found are given in the text. 


Restots 

The sciatic nerve and its external popliteal continuation have a' well-defined 
blood supply. One or more longitudinal vessels run the whole length of the 
ner%-e, supplied from above by a relatively large arterial branch run^g on to 
the trunk in the gluteal region. This branch will be referred to as the blood 
supply from above. In addition, vascular twigs run on to the nerve at different 
levels in the limb and, diriding into ascending and descending branches ioin 
the main longitudinal vessel. There is one such lateral vessel at the level of the 
hamstring branches of the internal popliteal nerve, another in the lower third 
of the thigh, one at the level of the head of the fibula, and several tiny twigs in 
the leg and at the ankle. ^ ^ 
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This blood supply provides a wide margin of safety for the nerve, and it vu t 
found that several of the lateral vessels could be cut without interfering will j 
conduction ; but the following experiment shows that a blood supply is essential i 
The supply to that part of the external popliteal nerve lying in the thigh vas i 
reduced by dividing the sciatic nerve close to the sciatic notob together aritl 
the blood supply from above. The lateral vascular twigs running on to tit i 
nerve trunk in the thigh were also cut. Therefore there remained only such 
blood supply as reached the nerve in the thigh along the longitudinal vessel 
coming up from, and supplied by, the lateral twigs in the leg. The internal 
popliteal nerve was cut in the leg to prevent distortion of records by a motor 
response to stimulation. The sciatic nerve was exposed in the upper part of the 
thigh and the external pophteal nerve at the ankle every 30 min. for stimula- 
tion and recording respectively. The action potential at the ankle began to fall 
after 2 hr. until at the end of about 6 hr. the state of the nerve was as follows. 
While stimulation in the upper third of the thigh was without effect, an action 
potential appeared at the ankle and increased as the stimulating eleotrodea 
were moved peripherally until they reached the lower third of the tbigb, wken 
a normal response was obtained. Thus the blood supply ascending from the leg 
along the longitudinal vessel only sufficed, after the lapse of 6 hr., to maintam 
the nerve in a normal state in the lower third of the thigh. 

The relative importance of the blood supply from above and of the Ist^l 
vascular branches was investigated as follows. All the lateral vessels running 
on to the nerve between the upper part of the thigh and ankle were cut, but 
the blood supply from above was left intact. The external popliteal nerve was 
stimulated in the upper part of the thigh. At the end of 3 or 4 hr. the action 
potential at the ankle was 80 % of the original. The blood supply from above 
was now' cut off. In half an hour the potential had fallen almost to zero. 
Control experiments have shown that the action potential does not undergo 
any significant change during this half hour if the blood supply from above be 
left intact.' 

It is clear that the blood supply from above must have sufficed to maintem 
at a high level the excitability of the nerve under the stimulating electrodes. 
But it is by no means so clear that conduction throughout the nerve was being 
similarly maintained. It is possible that it depends upon diffosion from tbe 
surrounding tissues of the limb, which are of course normally vascularized. 

To explore this possibility a tourniquet was applied to the limb so as to leave 
out the sciatic nerve together with its blood supply from above. This was done 
by tunnelling through the soft tissue of the upper part of the thigh and passing 
two lengths of rubber tubing through the hole. These were then tightly 
stretched and tied around all the tissues in front of and behind the sciatic 
nerve. When such a nerve is stimulated above the level of the double tourniquet 
the action potential at the ankle disappears in 46 imn. ; it is still normal at the 
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>vel of the head of the fihola in 120 min., though only a very smaE one lemaaM 
1 the leg. It 'wonld appear therefore that conduction ceases in a partially 
evasculaiMed nerve much earlier ‘when it lies in an avascular than in a 
asctdar limh. 

The dependence of continued nervous activity upon the environment vras 
hither demonstrated by experiments in which a complete tourniquet was 
ipplied. Three turns of tightly stretched rubber tubing were applied at the 
:oot of the limb and were obviously effective. The external popliteal nerve was 
divided distal,to the tourniquet and stimulated just below the level of section. 
The action potential at the anMe began to diminish in 18 min. and had fallen 
to zero in 30 min. It was immaterial whether the nerve was stimulated just 
below the tourniquet or at knee level, and the same result was obtained when 
the tourniquet was applied just above the knee. The period of 30 min. is a very 
constant one under these experimental conditions and may be called the 
‘ischaemia time’. Though the nerve below the knee seems to be completely out 
of action it is found that a considerable action potential can be recorded in the 
thigh in response to stimulation, at the sciatic notch even 70 min, after the 
application of the tourniquet. The nerve at this level is of course quite a large 
one and therefore not directly comparable vnth that used at the ankle. This 
objection can be overcome by stimulating the sciatic trunk just below the 
tourniquet and recording from' the branch of the internal popliteal nerve to the 
lower part of the biceps muscle. This nerve is somewhat more slender than that 
used at the ankle, but it continues to produce an action potential for an hour 
and a half after that at the ankle has disappeared. The longer survival of con- 
duction in the nerve in the thigh is again suggestive of an environmental effect, 
and the following* experiment finally establishes it. 

In a limb with a rubber tube tourniquet at its root the external popliteal 
nerve was cut at the ankle and freed from its bed up to the lower third of the 
thigh, where it was laid alongside the mam trunk. The nerve was stimulated 
just below the tourniquet and records were made, at intervals. The action 
potential at the transposed ankle level disappeared in from 100 to 135 min. 
The time involved is much longer than the ‘ischaemia time ’ referred to above 
but it must be borne in mind that the nerve was exposed to the air during the 
dissection. Control experiments undertaken to assess the importance of this 
factor showed that when the nerve was freed from its bed and replaced in its 
normal position the action potential disappeared in 50 min. (Rg. 1). The nerve 
similarly freed and replaced in a limb without a tourniquet continued to con- 
duct normally for at least 2 hr. This is undoubtedly an environmental effect on 
conduction. It might be thought that the effect is due to reduced excitability 
but it is clear that the excitability of the ankle fibres at the point of stimulation 

was maintained for nearly twice as long as the nerve survives in its normal 
situation. ■ ' 


ru. cn. 
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The environmental effect upon conduction which has been demonstrated 
invitesTuxther analysis. The experiments now to be described are in the nature 
of a prehimnary exploration of the phenomenon. 

A possible criticism that the longer survival in the thigh might be due to tie 
passage of small quantities of blood tmder the tourniquet in particular throngl 
vessels in the bone can be met by the fact that no such blood leak can be de- 
tected when the limb is amputated distal to the tourniquet. Moreover, in aa 
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Kg. 1. (a) Left leg. Nerve fieed to lower third of thigh and replaced in its bed. Beoordatanib 
14 min. after application of toomiqnet. (6) As (o). Record at ankle 39 min. later, (c) 
o./sec. (d) Left leg. Nerve fieed to lower third of thigh and placed alongside sdatio troni' 
Record at transposed ankle level 14 min. after application of tonmiqnet. (e) As (d). 
at transposed ankle level 36 min. later. (/) As (e). 88 min. later, (p) As (J). 106 min. 1®!“' 
Calibration for all action potential records in (d) =260pV. 

experiment in which the limb was amputated proximal to the tourniquet the 
same time relations between nerve block in the leg and in the thigh were 
observed. 

Again, it might be thought that the survival of the nerve in the thigh should 
be attributed to a temperature difference. Temperatures taken with a thermo- 
meter embedded in the hmb under the conditions described above are higher 
by 1° C. iu the thigh than at the ankle. Such a difference is unlikely to be 
significant, and in any event if it were significant the nerve at the ankle should 
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iiurvive tte longer. Experiments witt toumiquets carried out at room tem- 
.•Deratuie, but otherwise under identical conditions, show that nerve survives 
longer in the cold, and this confirms an observation which has already been 
;made by Allen [1938]. The longer survival in the thigh cannot be explained by 
^ temperature difference; it remains to be determined whether the factor 
concerned is exercising a beneficial inffuence in the thigh or an adverse one 
lintheleg. 

A rubber tube tourniquet was applied to a limb, the sciatic trunk divided 
immediately distal to the tourniquet and freed to knee level, along with the 
branch to biceps which was used for recording. The nerve was stimulated at its 
lut end. When the initial record had been made the nerve and its branch were 
wrapped in a sheet of thin rubber and laid back in the nerve bed, and the 
muscles and skin sutured. Thirty-five minutes later, and 1 hr. after the 
apphcation of the tourniquet, the action potential had disappeared. This is 
a considerably shorter period of survival than is found when the nerve remaius 
in direct contact with the tissues of the thigh. In a control experiment in 
which no tourniquet was apphed, the action potential was httle changed in 
90 min. 

On the other hand, the period of survival of the nerve in the leg is not altered 
by enclosing it in rubber tubing. Eor this experiment toumiquets were applied 
on both limbs and the nerves were freed from the ankle level to the knee. On 
one side the nerve was threaded through a rubber tube. Muscles and skin were 
then sutured over as usual. The action potential at the ankle disappeared 
simultaneously on both sides in about 50 min. 

These experiments, in which the nerve was isolated from its environment by 
a rubber membrane, show that while the procedure is without effect in the leg, 
the survival time of the nerve in the thigh is considerably reduced. This again 
is probably best explained in terms of anoxia, and it is suggested that the 
fleshy tissues of the thigh supply oxygen to the nerve by diffusion, while in the 
leg the character of the tissues — predominatingly tendinous, bony, and of less 
bulk — does not provide such a large reservoir. 

It is obvious from the experiments so far described that if nerves of the cat 
ate to function at all there must be a supply of blood either directly or to the 
surrounding tissues. The impression gained is that the blood supply need not 
be a large one, and this is confirmed by experiments making use of a pneumatic 
cuff. 

Such a cuff, 4 cm. wide, was applied in the middle of'the thigh and sur- 
rounded with a plaster of Paris bandage to prevent slipping and stretching- it 
was distended rvith air at a pressure of 150 mm. Hg, some 30-40 mm. higher 
than the carotid blood pressure previously determined with a mercury mano- 
meter. The nerve was stimulated above the cuff at the sciatic notch and records 
were made at the ankle. Within 15 min, the action potential began to fall and 

5—2 
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it disappeared very constantly in 26—30 min. — ^approximately the ‘ischsemu 
time ’ referred to above. But if at this time the nerve was stimulated distal to 
the cuff a normal response was obtained at the ankle for at least 1 hr., after 
which time the pressure in the cuff was released so that recovery might be 
studied. 

It is clear that during the application of pressure with the pneumatic cuff 
conduction in the nerve under it was blocked, for the distal part was shown to 
be functioning and the central part had not been interfered with. It seemed 
likely that some blood was passing into the limb in spite of the distension of 
the cuff. The truth of this explanation was confirmed by the oozing of blood 
when the tibial artery was opened. This is not surprising when' it is home in 
min d that fallacious results in h um an blood-pressure measurements may easilj 
be obtained by the use of too narrow a sphygmomanometer cuff. In the present 
experimental conditions it was necessary to have the pressure in the cuff at 
least 60 mm. Hg in exceSs of the carotid blood pressure before all oozing from 
a severed tibial artery ceased. When the cuff was distended with a pressure of 
240-280 mm. Hg, it could be shown that the action potential at the thigh dis- 
appeared in 30 min, whether stimulation was above or below the cuff. The 
explanation of the results obtained with the lower pressure lies in the fact that 
the large arteries of the limb allow some blood to pass to the periphery though 
the pressure under the cuff is sufficient to stop the circulation in the nerve itadf 
and in the surrounding tissue. 

Finally, some reference must be made to the recovery which ensues when the 
tourniquet is removed from the limb. If the circulation has been stopped for 
no more than 1-1^ hr., a small action potential can be detected at the ankle m 
response to stimulation in the thigh within 30 sec. of removal of the tourmquet, 
and this holds also in the case of the pneumatic cuff for both the lower and th® 
higher pressures. Recovery becomes complete in 5 or 6 min., by which time 
it is obvious from the appearance of the limb that the circulation has been 
restored. When, however, the tourniquet is applied for longer periods, the 
recovery becomes slower and of-less degree. At the same time it is clear from 
the appearance of the limb that the circulation is being restored more slowly 
and less completely. Indeed, so far as can be judged from inspection recovery 
of the nerve occurs pari passu with recovery of the circulation in the liinh. 
From the fact that nerves of limbs to which a pneumatic tourniquet has been 
applied for 3 or 4 hr. have recovered completely in from 1 to 2 hr. it can be 
concluded that the former period in ischaemic conditions does not damage the 
nerve permanently. 

Discussion 

It is weU known that in experiments with isolated nerves conduction is main 
tained in an atmosphere of pure oxygen. Our experiments demonstrate thm 
in the animal body a nerve requires an active circulation to maintain normal 
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jonduction. The anatomical aTiangement of the blood supply provides a vade 
maiM of safety; but in conditions of complete ischaemia a nerve ceases to 
conduct in about 30 min. at 25° C. This time is in accordance mth the results 
of other workers ^ho have subjected nerves to anoxia or to ischaemia. 

Tabix 1 

Auttot iferve used 

Gerard [19301 Dog peroueal in vitro 

Gerard [1930] Dog peroneal in citro 

Lehmann [1937] Cat peroneal in vitro 

■ Clark, Hughes Cat saphenous compressed 

■ & Gasser [1935] by pneumatic cuff in rico 

Leivis, Pickering Human arm nerves com- 

& Rothschild pressed by pneumatic 

[1931] cuff in vim 

The time taken for cat peroneal m 
[Lehmann) corresponds closely vdth that taken for ischaemia to produce a 
block m the nerve at anile level in our experiments, and also with the times for 
ischaemia block reported by tbe last two authors listed in tbe table. It does 
not appear likely that tourniquet isebaemia introduces any factor other than 
anoxaemia, for anoxia in vitro and tourniquet ischaemia in vivo produce their 
effects m the same time. 

The small oxygen requirements of isolated nerve have led to the view that 
the circulatory requirements must also he small, and this view is supported by 
our experiments. It has been questioned of late by Bulbring & Bum [1939]. 
It should he noted that the experiments they describe were carded out on 
limbs perfused with defihrinated blood, and it would he well to exercise care in 
applying results obtained in this way to the problem of the normal circulatory 
requirement. Indeed, until there is more conclusive evidence to the contrary 
it must continue to he assumed that the circulatory requirements of nerve 
though definite are small. 

It has been shown that if the hind limb of a cat be rendered ischaemic by a 
tourniquet applied at the root, conduction fails first in the periphery. A rather 
similar phenomenon was described by Lewis et al [1931], who showed that in 
the human subject the application of a pneumatic cuff or of a special clamp 
(designed to press on the nerve without interfering with the circulation to the 
limb) caused an anaesthesia which spread centrally from the finger tips. In out ' 
esperimeuts the degree of block produced appears to be dependent upon tbe 
degree of anoxia which develops. It certainly does not depend on the length 
of the nerve fibre rendered ischaemic, for the ‘ischaemia time’ of 30 min. is 
unaltered when the tourniquet is applied at the level of the knee though the 
length of the ischaemic part of tbe nerve has thereby been halved. Our experi- 
ments with the pneumatic cuff show further that when the circulation to the 
nerve is cut off locally the peripheral part continues to conduct normally. We 


Temp. 

" C. Result 

25 Blooked after 60 min in nitrogen 
28 Blocked after 24 min. in nitr^en 
37 Blocked in 35 min. in hydrogen 
Hot A and B waves Blocked in 46 min. 
stated 

35-36 Blocked after 16 to 35 min. 


to be blocked by anoxia at 37° C. 



70 


F. H. BENTLEY AND W. SGELAPP 

are satisfied that tliis nerve Hook is not due to direct pressure. It will be re- 
called tbat Gasser [1934] has taken the same view. He showed that the block 
produced by direct pressure developed more slowly and that recovery is also 
slow, an observation which we have been able 'to confirm in experiments to be 
described elsewhere. 

Our results, so fat as they go, do not support the view of Lewis et (d. that the 
nerve in the proximal part of the limb is more susceptible to ischaemia than io 
the distal, or that a sensory nerve is more rapidly blocked by ischaemia the 
farther away it is from its sensory endings. We conclude that given equal 
anoxaemia the nerves in the leg" and in the thigh are blocked in much the same 
time. It is necessary, however, to bear in mind a point they have emphasized, 
for their ‘observations were carried out upon very long nerves lying com- 
pletely undisturbed by dissection in their natural surroundings and tested by 
natural stimuli The length of nerve rendered ischaemic did not exceed 4 cm. 
in our cuff experiments and 26 cm. in our tourniquet experiments. It may be 
that the explanation of the discrepancy is to be found in this fact. Indeed, our 
observations are much more in accord with their ‘uniformly developing 
anaesthesia resulting from'’pressure rendering short stretches of nerve trunks 
ischaemic. . 

SUMMABT 

1. The blood supply of the external popliteal nerve of the cat consists of a 
branch running down the nerve from above and of lateral branches running on 
to it at approximately constant levels. 

2. A small though definite blood supply is essential for the maintenance of 
conduction in the nerve. The anatomical arrangement of the blood supply pro- 
vides a wide margin of safety. Even if aU the lateral branches are divided con- 
duction in the nerve is unaffected in a normally vascularized hmb. In a limb 
rendered avascular by a tourniquet from which the arterial branch to the nerve 
from above is excluded, conduction is maintained in the nerve to the upper 
part of the leg. Below this level the nerve is inactive. 

3. In a limb rendered ischaemic by a complete tourniquet at its root the 
nerve in the leg and foot becomes inactive in about 30 min., though the nerve m 
the thigh survives for at least two hours. 

4. If in such a limb the nerve in the foot and leg be freed from its bed and 
laid alongside the main trunk in the thigh, it survives much longer in the 
transposed situation than in the normal one. The effect cannot be attributed to 
a difference of temperature, or to leakage of blood under the tourmquet. 

6. The survival time of the nerve in the thigh may be curtailed by enclosing 
it in rubber, a procedure which has no effect on the survival time in the leg. 
It is suggested that a greater supply of oxygen is available in the thigh to 
supply the nerve by diffusion. 
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6. A pnetiinatic cuff, 4 cm. ■m.de, applied to tlie limb and distended to a 
pressuie equal to that in tbe carotid artery interrupts conduction in tbe nerve 
immediately rmder it in 30 miTi- Conduction in the nerve distal to the cuff is 
unaffected. Tbis state of affairs must be due to local ischaemia. The pneumatic 
cuff does not become a completely effective tourmquet till it is distended to at 
least 50 mm. Hg in excess of the carotid pressure. Under such conditions con- 
duction fails also in the nerve distal to the cuff. 

7. On the release' of a tourniquet recovery begins in 30 sec. and is complete 
in 6 or 6 min. if the circulation has been interrupted for no more than li hr. 
Recovery is slover after longer applications but the nerve is able to recover 
from ischaemia of 4 hr.’s duration produced by a pneumatic cuff. It is 
suggested that the factor governing recovery is the return of the circulation. 

The expenses incnired in this work were in part defrayed by granta to one of ns (I’.H.B.) from 
the Medical Research Conncil and from the Dickinson Trust of Manchester University. 
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THE EFFECTS OF PRESSURE ON CONDUCTION 
IN PERIPHERAL NERVE 

By F. H. BENTLEY and W. SCHLAPP, From the Deparlnients of 
Surgery and of Physiology, Manchester University 

{B^ceived 14 December 1942) 

Thougli relatively slight pressure on a nerve can stop conduction, it only does 
so when applied locally. Normal nervous activity is possible under couditionB 
of generally increased pressure such as exist on the sea bed, and it has been 
shown experimentally [Ebbecke & Schaefer, 1936; Grundfest & Cattell, 1936] 
that if a nerve be totally enclosed in a pressure chamber conduction only begins 
to fall at pressures between 6000 and 8000 Ib./sq. in. 

A review of the literature reveals numerous reports of experiments designed 
to demonstrate the effects of pressure applied locally. Many investigators have, 
however, confined their attention to isolated nerves, and their methods have 
been so various that results are not strictly comparable. The beautifully simple 
experiments of Weir Mitchell [1872] showed that a pressure of a column of 
mercury 18-20 in. high interrupted conduction in the sciatic nerve of the 
rabbit in 20-30 sec. The principle of applying fluid pressure was further de- 
veloped by Meek & Leaper [1911] and later by Gasser & Erlanger [1929], who 
used electrical methods for recording nervous activity and were able to show 
that a pressure of 26 Ib./sq. in. blocked conduction in &og’s sciatic nerve in a 
few minutes and that the larger fibres were affected first. 

It is clear that in nerves with intact circulation the effects of pressure might 
be due to deformation or to ischaemia or to both. The experiments, of Gasser & 
Erlanger [1929] suggest the former explanation; and there is direct evidence 
that the deformation caused by local pressure is most severe at the boundaries 
of the compressed part [Edwards & Cattell, 1928]. On the other hand, the ex- 
periments of Lewis, Pickering & Rothschild [1931] on man and those of Clark, 
Hughes & Gasser [1936] on animals showed that with quite low pressures a 
nerve in a limb may be blocked in from 16 to 40 min., and that ischaemia was 
the mechanism involved. These experiments have been confirmed by us 
[Bentley & Schlapp, 1943]. ^ 

In man it is not uncommon to find that localised pressure of some hours 
duration over a nerve trunk results in a temporary paralysis. Whether such a 
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block iE due to iBckaemia or to tke direct effects of pressure is not clear aud it 
is the purpose of the experimeuts described in this paper to inq^e further mto 
the relation between pressure and ischaemia in producmg a blockto conduction. 

Methods 

The experimental procedures as regards the preparation, stimulation and re- 
cording of nervous activity have already been described [Bentley & Schlapp, 
1943]; there remains the method used to apply pressure directly to nerves. 


T 



>g. 1. Sectional view of apparatus for compressing nerves. AA, brass chambers hinged at S 
and covered with rubber membranes between which the nerve iV is placed. C is an adjusting 
tertw and D a stop to prevent too close approximation. The chambers are supplied with air 
at the required pressure through the tubes T. 

In principle it consists in placing the nerve trunk between pneumatic cushions 
a ed distance apart. These are inflated to the required pressure by means 
on air pump. The constructional details of the apparatus are shown in Fig. 1. 
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A calibration was obviously desirable in order that the actual pressure 
apphed to the nerve roight be known. The apparatus (A, Fig. 2) was therefore 
applied to an excised piece of the external jugiar vein of a cat. The ends of the 
vein were tied to small glass tubes leading to a manometer (B) on the one hand 
and a tap {0) on the other. The vein and the tubes were filled with Kinger’s 
solution and the pneumatic cushions (A) distended to a known pressure of up 
to 160 mm. Hg. The manometer (B) was filled with mercury so that a rather 
lower pressure was developed in that part of the vein coimected to it. With the 
tap (0) open the pressure in the pneumatic cushions was now slowly released 
and the mercury meniscus (D) observed for movement, which would show 


M 



that fluid was passing through the vein. This invariably happened when the 
cushion and manometer pressures were within 6 mm. of each other. It may 
therefore be assumed for practical purposes that the pressure in the cushions 
is transmitted directly to the nerve. 

The apparatus was used in two forms, 2 and 4 cm. long respectively, but they 
gave identical results. In applying the apparatus the necessary length of nerve 
was freed in the lower third of the thigh, slightly raised on glass hooks, the 
cushions adjusted on either side and distended so that the nerve was held be- 
tween them. The glass hooks were removed, the skin sutured above and below 
the apparatus, and a gauze swab soaked in saline placed over it. The external 
popliteal nerve was stimulated in the upper part of the thigh and records were 
made from the nerve at the ankle. The effects of pressure on conduction were 
studied in the ‘A’ fibres only [Gasser, 1937]. 
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Restjlts 

Preliminary experiments sliorred tliat with applied pressnies of 10-15 Hg 
the size of the action potential remained constant for at least 6 hr. With pres- 
sures between 130 and 200 mm. Hg however, it became reduced in 40 min., 
indicating that conduction had ceased in a number of fibres. The block con- 
tinued to develop and was complete or almost so in 2-3 'hr. As the action 
potential became reduced 'the first part of the ‘ A ’ wave declined more rapidly 
than the last, showing that conduction failed first in the fibres with the fastest 
conduction rate, or in other words, those of larger diameter [Gasser, 193 <], ■ 
though a complete separation of fast and slow fibres was not seen. The part of 
the nerve below the pneumatic cushions was unaffected, as a normal response 
was obtained throughout the experiment when stimulation was below the 
block. 

In these experiments the pressure applied was made approximately equal to 
the carotid blood pressure, as the block was at fiirst interpreted in terms of 
anoxia consequent on ischaemia. Hevertbeless, an attempt to restore conduc- 
tion during the period of decline by the intravenous injection of 1 mg. of 
adrenaline hydrochloride or of 10 units of posterior pituitary extract failed, 
though the procedures markedly increased the blood pressure. Conversely, 
attempts to hasten the onset of block by repetitive maximal stimulation for 
periods of 6 min. at 65 per sec. and 33 min. at 170 per sec. were unsuccessful. 
The action potential was indeed somewhat reduced during stimulation, but 
recovered fully within half a minute of its cessation. 

The results of twenty-seven experiments with various pressures are repro- 
duced diagrammatically in Fig. 3 ; they have been arranged so that the applied 
pressures — ^represented for each experiment by a black column — ^form an 
ascending series from 10 to 200 mm. Hg. The associated white column gives the 
magnitude of the carotid blood pressure in each case. The results fall into three 
groups. In the first (A) the action potential was affected only very sbgbtly 
or not at all after 2^3 hr. The pressure applied was up to 100 mm. Hg, a pies- 
fiure less than that of the blood in the carotid artery. In the second group (B) 
there was partial disappearance of the action potential in 3 hr., indicating 
partial block. The applied pressure in this group was 120 mm. Hg, somewhat 
greater than that in the carotid. In the experiments of the third group (C) the 
nerve was found to be completely blocked or almost so in 24-3 hr.,.and the 
apphed’pressure was between 130 and 200 mm. Hg. In all but two of the ex- 
^riments of this group the blood pressure was less than the applied, and if 
nese results were for the moment neglected it could be said that nerve block 
wcurs only when the applied pressure exceeds that in the carotid artery. These 
wo e^yenments. however, show that a nerve may be blocked by the applica- 
mn of a pressure less than that prevailing in the carotid artery. The results 
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taken as a whole suggest that there is a critical value of about 130 mm: Hg 
for the production of nerve block by pressure within the time limits used. 

When the pressure is released the subsequent behaviour of the compressed 
part differs in the three groups. In the first (A), in which conduction had been 
affected only slightly or not at aU, no further change occurred in the next 2 hr. 
In the second group (B), where there had been partial block;^ one nerve re- 
covered and the other progressed to complete block in 2 hr. In the third group 
(C), in which block was complete or almost so, there was no recovery after 2 or 



3 hr. Indeed, the reverse of recovery was sometimes observed. In five experi- 
ments the small potential remaining when the pressure was released disap- 
peared in the course of half an hour just as though the pressure had been 
continued. In one case where the observation was continued for 13| hr. after 
the establishment of complete block the action potential recovered to about 
30 % of its original height. 

In eight experiments in which block was complete or almost so, the nerve 
was explored after removal of the pneumatic cushions by moving the recording 
electrodes centrally while stimulating at the top of the thigh as usual. The 
following results were obtained: 


c 


Situation 


Action potential 


In mid-leg 

One cm. below lower edge of compressed part 
A few mm. above lower edge of compressed part 
In middle of compressed part 
A few mm. below upper edge of compressed part 
One cm. above compressed part 


Absent or minute 
Small— 200/iV. (normally 2 mV.) 
Slightly lar^ — 500 /tV. ^ 

Considerable increase — 1*6 m\ . 
Larger — 2 mV. 

StiU larger — 3 mV. 


These results have been expressed diagrammaticaUy in Fig. 4. 
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There was thus a sudden increase in the action potential in the lower part of 
the compressed length, a further increase as it was traversed, and another con- 
siderable one iuflt above it. As it was thought that this result might be de- 
pendent on some local anatomical feature, an experiment was performed in 
which pressure was applied to the nerve in the middle of the leg. An identical 

result was obtained. ' , 

The block is thus mainly situated at the exfaemities of the compressed part, 
and it is here that Calngareanu [1901] and Edwards & Catted [1928] showed 
that deformation and displacement of nerve substance were most severe. 

Yarious changes were visible to the naked eye in the nerve when the pres- 
sure was released. The surface of the compressed part was moist, and if there 
was a film of blood over it this was bright red in colour. The nerve substance 



of the compressed length was rather pale and somewhat flattened; and the 
blood vessels on its surface were sometimes not obvious at ad, sometimes pale 
red, and sometimes of a brownish hue. The vessels on the remainder of the 
nerve, though occasionafly congested, showed no other abnormality. It was not 
possible to relate the appearance of the superficial blood vessels to the state of 
conduction in the nerve. 

Immediately after removal of the pneumatic cushions in experiments in 
which conduction had been abolished, the superficial blood vessels of the com- 
pressed part were seen to fid slowly from above and below. This reflux did not 
give the impression of an active circulation. 

In order to inqture further into the circulatory state a solution of Evans bine 
^as injected intravenously. This dye remains in the plasma and does not 
nomally leave the circulation for many hours. In the concentration used 
(20 mg./kg.) its presence was obvious from the deep blue colour which appeared 
m the superficial vessels of the external popliteal nerve within 10 tec. of the 

iDjection. Obviously the blue colour can only develop in vessels in which blood 
IS circulating. 
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In experiments in wliich, following the release of pressure, conduction was 
maintained completely (group A) or in part (one experiment of group B), in- 
jection of the dye showed that there was an active circulation in the previously 
compressed part, as the epineural vessels became deep blue in colour within 
a few seconds. There was often some blue staining of the nerve substance itself, 
and it is thought that this appearance of the dye outside the blood vessels indi- 
cates that they have been damaged in the regions where staining occurred. 

In experiments in which the nerve was stUl blocked 2 or 3 hr. after the pres- 
sure had been released (one experiment group B, and all experiments group C) 
the injected dye showed in the longitudinal vessels of the nerve up to both 
edges of the compressed part, but the vessels of the latter remained red. The 
difference was a very striking one, and the sharp line of demarcation corre- 
sponded accurately to the limits where pressure had been applied. It was con- 
cluded that the early filling of the vessels after the release of the pressure was 
in fact a passive reflux and that there had been no active circulatory return. 

In view of what has been said regarding the situation of'the block, it was 
interesting to observe that there was considerable blue staining of the nerve 
substance above and, to a greater extent still, below the compressed-part. The 
staining extended for about 1 cm. on either side of it and also for a few min. 
into it. 

It might be assumed from these experiments that the failure of conduction ' 
in the compressed part is due to local ischaemia. Yet an applied pressure 
of 60-100 mm. Hg should have been sufficient to stop the circulation in the 
small vessels of the nerve trunk where the blood pressure might well be of the 
order of one-half of that in the carotid. Indeed, it was possible to show experi- 
mentally that local ischaemia was not responsible for the development of nerve 
ihock. 

In two experiments pressures of 60 and of 66 mm. Hg respectively were 
applied to the nerve for hr. No failure of conduction was observed. Fifteen 
minutes before the pressure was released Evans blue was injected intravenously. 
Within a few seconds the dye was visible in the superficial blood vessels of the 
nerve up to the edge of th^ pneumatic cushions. Just before the pressure was 
released ligatures were tightly tied round the nerve trunk above and below in 
order to stop the circulation, and the pneumatic cushions removed. "When the 
compressed part was examined immediately afterwards there were sharp lines 
of demarcation between the red vessels of the compressed part and the blue 
ones above and below it. Thus in spite of the stoppage of the circulation, con- 
duction through the compressed part had persisted. 

It has been shown elsewhere [Bentley & Schlapp, 1943] that conduction 
ceases in about 30 min. in the nerve of a limb rendered anoxic by the application 
of a tourniquet. It wms shown above that a pressure of 60 mm. Hg applied to 
a nerve trunk may produce ischaemia in portions 2 or 4 cm. long and yet con- 
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duction is uninterrupted in 2i In. The compressed part oonld not <>^erefo 
iave been anoxic. There seem to be only two ways m which it could have 
effected gaseous exchange-through the rubber membranes of the pneumatic 
cushions or by diffusion from the normally vascularized nerve above and 


The first explanation is to a high degree unlikely, and it was excluded by 
distending the pneumatic cushions to a pressure of 186 mm. Hg with mtaogen 
containing 5% of carbon dioxide. The nerve was not blocked until 2 hr. 40 
min. had elapsed. This time is the same as that found when the apparatus was 



distended vrith ait, and does not indicate that diffusion of oxygen or of carbon 
dioxide through the rubber membranes of the pneumatic cushions plays any 
part in maintaining activity in the compressed nerve. 

The other explanation was much more acceptable, especially when the well- 
bnown experiments of Kato [1924] regarding the diffusion of anaesthetic 
'ropours along isolated nerves are borne in mind. 

The ^ffusion' of oxygen along anoxic nerves was investigated as follows 
(Pig. 5). A tourniquet {A) was applied at the root of the limb, the external 
popliteal nerve cut at the ankle (5), freed up to the level of the knee (0) and 
threaded through a rubber tube 4-6 cm. long {D) and which was provided with 
side tubes (ZJ, F). The ends of the tube D were plugged with vaseline and the 
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skin sutnied over tiie nerve and tube. Tbe side tubes, which were allowed to 
protrude from the limb, were tmed to pass a stream of oxygen along the nerve, 
the mflow and outflow being checked by biibbling it through water. 

One hour after the application of the tourniquet and 50 min. after the 
oxygen supply was begun, the nerve was stimulated at the level of the knee 
2 cm. above the tube (C). The action potential at the ankle 5 cm. below the 
tube was 80-86% of that which had been recorded immediately after the 
application of the tourniquet. 

It will be recalled that in a limb with a tourniquet in which the external 
popliteal nerve has been freed from its bed and replaced, conduction ceases in 
about 50 min. [Bentley & Schlapp, lOdS].' The experiment described above 
shows that oxygen diffuses along the nerve in such a way as to maintain almost 
full activity over a length of 6 cm. It receives 'confirmation from a repetition 
using air mstead of oxygen. As might be expected, the influence did not extend 
so far. The section potential was 76% of the normal size 2 cm. below the air 
tube and feU to 26% in the adjacent 2 cm. 

Disoxtssion 

It is clear that pressure may be applied locally to a nerve in such a way as to 
render it ischaemic without impairing conduction. Our experiments lead us to 
the conclusion that with apphed pressures between 60 and 100 mm. Hg the 
maintenance of conduction in an ischaemic compressed portion of nerve, up to 
4 cm. long, is due to the diffusion of oxygen from the neighbouring vascularized 
parts of the nerve. The observation that rapid stimulation of the nerve for 
^ hr. did not accelerate the onset of block supports the view that the nerve had 
a means of replenishing its oxygen. 

When pressures between 100 and 200 mm. Hg are applied, however, partial 
or complete failure of conduction results. It is conceivable that oxygen dif- 
fusion ceases when the applied pressure exceeds 100 mm. Hg, thus rendering 
the nerve truly anoxic ; on the other hand, the pressure may act directly on the 
nerve. The first explanation seems unlikely on theoretical grounds, and there 
is evidence in support of the second view: 

(1) The situation of , the block at the extremities of the compressed part 
where deformation and displacement are known to be most severe is very sug- 
gestive of mechanical injury. We believe that the failure of the circulation to 
return when the pressure is released is due to concomitant injury of the blood 
vessels which is made evident by the considerable extravasations of dye which 
occur in these situations. 

(2) The time taken for the establishment of nerve block by direct pressure 
is much longer than that observed in ischaemia. 

(3) Recovery did not occur within 3 hr. of the release of a pressure which ha 
produced complete block, and where the block had been incomplete it usua y 
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became complete ' subsequently. This is tlie leverse of what happens after 
ischaemia, wheie we have shown [Bentley & Schlapp, 1943] that recovery may 
occur when the nerve has been in an ischaemic condition for up to .4 hr. 

It is evident from these experiments and from those on ischaemia that pres- 
sure applied to a nerve can produce block to conduction in two different wajn : 

(1) If a pressure of 130 mm. Hg or more is applied directly to a portion of 
nerve 2 or 4 cm. in length, the mechanical effects — ^probably deformation of 
nerve substance at the boundaries of the compressed part — ^wiU produce a 
block to conduction. The block only becomes apparent in 40 min. and does not 
become complete for 2 or 3 hr. When the pressure is released there is no re- 
covery during the next few hours — indeed, the block, if incomplete, may be- 
come more severe. 

(2) If the pressure is applied through the full thickness of the limb by means 
of a pneumatic cuff, conduction ceases in about 30 min, as a result of anosda of 
the nerve, and recovery after release of the pressure occurs when the circulation 
is restored even though a pressure of 250 mm. Hg has been maintained inside 
the cuff for 3 hr. 

The difference between the effects of direct and indirect pressure is probably 
associated with differences in magnitude and distribution of pressure under a 
4 cm. pneumatic cuff as compared with pressure directly applied to the nerve. 

It is not known whether the block that results from the application of direct 
pressure would recover in a few days, i.e, a transitory block, or would proceed 
to Wallerian degeneration. The partial recovery which occurred in 13f hr. is 
suggestive of the former view. 


SOJOIABY 

1. A method of applying pressure directly to nerves in the anaesthetized 
animal is described. 

2. It is shown that pressures up to 100 mm. Hg do not produce block in 
21-3 hr. At a pressure of 120 mm. of mercury there is some interference with 
conduction, while with pressures between 130 and 200 mm. Hg a block is fifst 
apparent in about 40 min. and is complete or almost so in 2^-3 hr. 

3. Repeated stimulation of the nerve does not accelerate the onset of block, 
and raising the blood pressure by injection of adrenaline or of posterior pitui- 
tary extract does not retard it. 

4. Recovery does not occur within 3 hr. of the release of a pressure which 
nas produced complete block, but in one experiment observed for 13| hr. con- 
duction recovered in about one-third of the fibres. Where the block is incom- 
P etc recovery may occur or it may become complete subsequently. 

5 -^ere is a critical value of about 130 mm. Hg for the production of nerve 

ock If the pressure is applied for a period of 2-3 hr. This pressure is not related 
to the carotid blood pressure, 
nn. cn. 


6 
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6. Pressuxe block bas different cbaracteristics from block due to ischaemia. 
Thus the time taken for the eatablishment of nerve block by direct pressure 
is much longer than that observed in ischaemia; and the absence of recovery 
■within a few hours of the release of pressure is the reverse of what happens after 
the relief of ischaemia. 

7. A pressure of 60 mm. Hg will render a 4 cm. Ihn^h of nerve ischaemic, 
but does not affect conduction. Although the compressed part is ischaemic it 
obtains oxygen by diffusion from the adjacent vascularized nerve. 

8. The block produced by pressure is mainly situated at the extremities of 
the compressed part, where deformation is most severe. 

9. The deforma'tion is associated "with injury to the nerve vesseb, and 
absence of recovery after release of pressure is accompanied by failure of return 
of the circulation in the vessels of the compressed part. The circulatory failure, 
however, is not an important factor in the production of pressure block. 

The expensea inonrred in this work were in part defrayed by grants to one of ub (F.H.B.) from 
the Medical Research Council and from the Dickinson Trust of Manchester University. 
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DETERMINATION OF THE OXYGEN-COMBINING 
POWER OF BLOOD WITH THE BARCROFT 
DIFFERENTIAL MANOMETER 

/ 

Q. H. GIBSON, From the Department of Physiology, 

The Queen’s University, Belfast 

{Received 16 December 1942) 

The methods available for determining the oxygen-combining power of blood 
by gasometric measinement, nsing ferricyamde, fall into two groups : those in 
which the gas is removed &om neutral solution by a partial vaenum, as in the 
Van Slyke [1918] apparatus, and those in which the reaction tahes place at 
■ atmospheric pressure in alkaline solution, as in the various modi&cations of the 
Haldane [1898] method. The methods belonging to the second group are per- 
haps less used now than formerly because of the great precision of measure- 
ments with the Van Slyke apparatus, and because there are grounds for 
doubting the accuracy of the absolute values obtained with them. It seemed 
that the Barcroft manometer might be of service in cases where the highest 
accuracy was not requhed, as the technique is simple, few reagents are required, 
and determinations on several samples of blood may be made at one time. 

A number of comparisons of the two types of apparatus have been made, 
several 'of which are discuased by Bierring, Nielsen & Nielsen [1937]. There is 
general agreement that the Haldane apparatus gives results 6-7 % lower than 
the blood gas pump or the Van Slyke apparatus. Various suggestions have 
been put forward to account for this difference; thus Haldane [1898] considered 
that incomplete haemolysis and bacterial contamination were responsible, 
while Litarczek [1928] suggested it was due to the absorption, of oxygen by 
reducing substances in the lipoid fraction of the plasma in the interval between 
the addition of the ferricyanide and the taking of the final reading. He showed 
that ferricyanide had a catalytic effect in bringing about this absorption of 
oxygen. On investigation, it was found that while blood plus ferricyanide did 
absorb oxygen more rapidly than blood alone, the increase in rate was not 
great enough to account for the differences observed. 

Exterimental 

Standard Barcroft manometers were used as described by Dixon [1934], the 
wnstants being determined both by calculation from the formula of Dixon 
b observation of the oxygen uptake due to the oxidation of ferrous 

ydroxide to ferric hydroxide by molecular oxygen [Harrison, 1933]. Good 

6—2 
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agreement was found between tbe two metbods. The water-batb for tbe mano- 
meters was at room temperature, the constants of the manometeiB being 
altered in accordance -with the assumption that they varied inversely with the 
absolute temperature, over the small range of temperature involved. Oxalated 
ox blood was employed throughout, being used either on -the day of collection 
or on the next day. It was stored in a refrigerator. 0-4 % ammonia was pre- 
pared by diluting 4 parts of ammonia of specific gravity 0-880 to 1000 parts 
with distilled water. 


The effect of 0-4% ammonia on apparent oxygen evolution 
Whole blood and thrice-washed corpuscles laked with an equal volume of water 
and again centrifuged were used. 1 ml. blood or laked corpuscles and 2 ml. 
distilled water or 0-4 % ammonia were placed in the working flask, with corre- 
sponding amounts of water or ammonia in the control flask. COg was absorbed 
with filter paper moistened with 2N KOH in the usual way, and 0-2 ml. 
saturated E 3 Fe(CN)g added from a KeiUn tube when required. 

The apparatus was shaken at 120 oacdlations per minute at room tempera 
ture for 20 min., the taps closed and an initial reading taken (zero time). The 
ferricyanide was added and shaking continued for 20 min. Headings wem 
then taken at 10 min, intervals for 40 min. The results were plotted and t e 
graph obtained extrapolated to zero time. This procedure was adopted because 
it corrected the results for absorption of oxygen, and because it allowed s 
ficient time for the absorption of all COg. The results are shown in Table 1. 
will be observed that the results with washed cells are 2^% lower in the pre 
sence of ammonia than in neutral solution, while the results with whole 


are 7 % lower. 

Tablb 1. Ozygen evolved. Volumes per cent 


Neutral 0-4 % ammonia 
A B 

Whole blood 22-0 20-7 

21-1 19-3 

18-2 17-3 

Washed haemolysed red cells 13-1 12-8 

21-2 20-6 

17-7 17-3 


100 B 
A 

94'0 

92-B 

95- 0 

97-8 

96- 4 

97- 0 


Bach figure is the mean of four determinations. 

To see if this difference was due to failure to set free all the combined 
or to incomplete oxygenation of the haemoglobin in alkaline solution, 
ments were made .in which the ferricyanide was dissolved in 4 % ammoma ^ 
added to blood diluted with distilled water. The differences were foun 


persist. ' . 

The results found by carrying out the reaction in neutral solution were c 
pared with those given by the Van Slyke manometric apparatus used accor 
to the technique of Seniroy [1931] and are given in Table 2. 
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TjlBIxZ. Volxmes pet cent 


Van Bljke 

Barcrtjft 


Mean Van Slyke 

MeanBarcroft 

23-05 

23-3 

22-8 

23-10 

22-98 

23-15 

22-8 

23-1 



19-13 

19-5 

18-8 

19-02 

19-17 

r • 

18-90 

' 19-1 

19-3 



21-14 

21-0 

21-0 

21-04 

21-OS 

20-94 

21-3 

21-1 



18-90 

18-6 

19-2 

18-87 

18-80 

18-85 

18-9 

lS-5 



22-30 

22-7 

22-7 

22-40 

22-68 

22-50 

22-6 

22-7 



19-16 

19-4 

19-0 

19-12 

19-18 

19-03 

19-4 

18-9 






Averages 20-59 

20-65 


The absorption of oxygen by plasma 

Plasma vras obtained by centrifagiiig oxalated ox blood, portions of 2 ml. being 
placed in tvater or ammonia as reqnired. Water 'svas placed in tbe control flasks. 
The final pH of tbe mixtures were determined tritb a Lovibond comparator. 
Wide variations were found from sample to sample, but, in twelve experiments, 
it was found constantly that tbe rate of oxygen uptake was mucb increased in 
alkaline solution. Tbe result of one sucb experiment is sbovm in Fig. 1, wbicb ' 
shows tbe apparently autocatalytic nature of tbe reaction and also tbat tbe 
amount of oxygen absorbed in tbe first 10 min. period is somewhat greater than 
that absorbed in tbe succeeding equal intervals of time. It is suggested tbat 
this initial rapid absorption of oxygen is at least a partial cause of tbe low 
results obtained with tbe Haldane method, for sncb an absorption occurring 
at tbe same time as tbe evolntion of oxygen from tbe blood could not be 
observed or compensated for by backward extrapolation or any very feasible 
form of control. After these experiments bad been completed, it was found tbat 
Pickwortb & Woodbouse [1930] had observed a similar acceleration of oxygen 
absorption by plasma in alkaline solution. 

Szgeti [1940] found tbat metbaemoglobin appeared in whole blood diluted 
1 500 with 0-4 % ammonia at the rate of about 3 % per bonr on standing at 
room temperature. As it seemed possible that sucb metbaemoglobin formation 
might occur under tbe conditions used, 50 ml. of blood was diluted with 100 ml. 
of ammonia and tbe solution allowed to stand at room temperature. Tbe 
oxygen capacity remained unchanged for 6 hr. 

Discussion 

The question of complete haemolysis was not closely investigated because tbe 
resistance of the corpuscles of various species differs. It should be noted tbat 
d saponin is to be used, it should be added before tbe ferricyanide, not with it. 
tKicause the addition of saponin alone to blood suspended in normal saline 
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resulted in. the evolution of about 1-2 vol. % of gas. This gas was thought to be 
set free as a result of the uptake of water by the haemoglobin released from the 
corpuscles. Much less gas was set free when undiluted blood was laked by 
saponin. 



Fig. 1. 

It seems probable, &om the results given in Table 2, that, under the condi- 
tions specified, the same quantity is being measured with the Barcroft mano- 
meter as with the Van Slyke apparatus. With regard to the accuracy of the 
results, the standard deviation, calculated from thirty readings, was found to 
be 0-24 vol. %, so that any single determination may reasonably be erpected 
to be within 0-6 vol. % of the true value. It is thought, therefore, that when 
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Buch a degree of accuracy -would suf&ce, tlie Barcroffc manometer may be of 
service because of the ease of its manipulation and the possibility of making 
multiple determinations simultaneously. 

SmiMABT 

1. A method is described by -which results -with the Barcroft manometer 
may be obtained -which agree, within the limits of error, -with those given by 
the Van Slyke pump. 

2. It is confirmed that less oxygen is evolved from blood by the action of 
ferricyanide in the presence of weak ammonia than in neutral solution, and an 

explanation of the difference is suggested. 

/ * 

The author -wishes to thani Prof. H. Barcroft for much helpful ad-vice and criticiain and Prof. 
D. C. Harrison for the use of laboratory fedlitiea and apparatus. 
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PERIODIC CHANGES IN RESPIRATORY DEPTH, 
PRODUCED BY CHANGES IN THE LUNG 

Br R. V. CHRISTIE and G. W. HAYWARD, From the 
Medical College, St Bartholomew’s Hospital, London 

{Received 23 December 1942) 

It is generally assumed that periodic changes in respiratory depth are produced, 
by periodic alterations in the activity of the respiratory centre. It is the pur- 
pose of this communication to show that periodic breathing may in some cases 
be caused by periodic changes in the distensibility of the lungs, without any 
changes in the activity of the respiratory centre. 

Methods 

It has been shown by Christie & McIntosh [1934] that changes in the dis- 
tensibility of the lungs can be measured in vivo by means of simultaneous re- 
cordings of the tidal air and intrapleural pressure. The fall in pleural pressure 
which occurs on inspiration represents the force exerted in the Irmgs by the 
respiratory muscles, and the tidal air the expansion which results. Any increase 
in the activity of the respiratory centre will increase respiratory effort, and will 
therefore increase both the pleural pressure fluctuation and the tidal air. 
Changes in the distensibility of the lungs, however, will not produce any change 
in the pleural pressure; they will only produce a corresponding change in the 
tidal air. From such a record, therefore, it is possible to distinguish changes in 
respiratory depth due to changes in the activity of the respiratory centre from 
those due to changes in the distensibility of the lung. The validity of this 
method of measuring the distensibility of the lung in vivo has been established 
by several investigators, and is an essential part of this commumcation [Fame 
1940; Christie, 1934; Christie & Mealdns, 1934]. 

Observations have been made on fifteen animals — ^mostly cats — in which 
periodic breathing occurred. The technique of measuring and recording the 
pleural pressure fluctuation by means of a water .manometer has been prew- 
ously described, and the tidal air was recorded using a closed circuit chain 
counterbalanced recording spirometer with mercury cap valves [Christie & 
McIntosh, 1934]. The resistance of the circuit with the animal breathing quietly 
was 2-4 mm. BijO. AU animals were breathing 100 % oxygen during the whole 
of the experiment. Three typical experiments are described. 
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In Kg. 1 tlie periodic wasing and waning of tke tidal air is well aliown, but tbe 
’pleuial pressure fluctuations remain unaltered during this period. The force 
exerted on the lungs thus remains constant, hut the tidal air v^es, and this 
must be interpreted as being due to a periodic change in the distensibility of 
the lungs and not to any change in the activity of the respiratory centre. The 
contrast betiveen this type of respiratory change and that produced by altera- 
tions in the discharges from the respiratory centre is shown also in this trac^. 
At 4, the animal takes a few irregular breaths, as shown in the tidal air tracing. 


mm.Hg 
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1. Gat 62. 5-25 kg. Intraperitoneal dial 45 mg./kg. Upper traoing, blood preasnre; middle 
tracing, tidal air; lower tracing, plenral preasnre fluctuation. Time marker, 10 see. Spon- 
taneous periodio breathing as soon as animal was anaesthetized. Periodic variations in tidal 
air with no ohango in the pleural pressure fluotnation. 

and there is a corresponding alteration in the pleural pressure fluctuatiori. The 
blood-pressure record shows Traubc-Hering waves of the same periodicity as 
the tidal-air variations. Periodic breathing, however, persists when Traube- 
Hering waves are hardly visible, so that the respiratory changes do not appear 
to be secondary to the changes in blood pressure. 

Pig. 2 also shows a marked fluctuation in the tidal air, this time of longer 
cycle, but again there is no change in the pleural pressure fluctuations. In this 
animal the blood pressure remained unaltered during the period of variation in 
respiratory depth. 




10 sec. 


L.RV! 

Fig. 3, Cat 60. 3*26 kg. Intraperitoneal dial 60 mg./kg. TraciDgs as in Fig. 1. Drinker heart 
preparation, "witli loose ligatures around the left pulmonary veins. 'Periodic breathing pro- 
duced by occlusion of these veins (DJ’.F.). Gradual slight increase in pleural pressure 
fluctuation. Normal breathing and return of pleural pressure fluctuations to their initial values 
Tvhen the pulmonary circulation ivas restored. 
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Me. 3 is a tracing obtained from a Drinker heart preparation in the cat 
fDrinker, 1921]. An elliptical window was cut in the anterior chest wall over 
the heart, and the pleural cavities were closed by- stitching the reflected peri- 
cardium to the mar^ of the window. The left pulmonary veins were exposed 
at their junction with th^ left auricle, and a ligature was put loosely around 
them 80 that gentle traction would cause occlusion of the veins. The effects of 



Fig. 4. Cat 68. 6 kg. Intraperitoneal dial 45 mg./kg. Tracings as in Iig. 1. Periodic breathing dne 
to periodic changes in the activity of the respiratory centre. Changes in respiratory depth are 
associated with corresponding changes in pleural pressure. 

occlusion of the pulmonary veins are shown in Kg. 3. After occlusion, a well- 
marked waxing and waning of the tidal air appears, without a corresponding 
change in the pleural pressure fluctuation, although both are seen to increase 
when the animal takes an occasional deep breath. There is a gradual slight in- 
crease in the pleural pressure fluctuation when the left pulmonary veins are 
occluded, but when the pulmonary circulation is restored breathing becomes 
regular again and the pleural pressure fluctuation returns to its initial value. ’ 
The contrast between this type of periodic breathing and the central type 
with altering actitity of the respiratory centre is well shown in Fig. 4. Here 
the tidal air and pleural pressure vary together. 
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does not occur in Cheyne-Stokes breatMng due to cerebral causes [Green, 1933] 
(Figs. 6 and 6). Tbe response to oxygen therapy also serves to separate the two 
types. In tbe cerebral type oxygen usually abolishes Cheyne-Stokes breathing, 
■whereas in the cardiovascular type oxygen usually produces either no change 
or may exaggerate the periodicity [Green, 1933] (Figs. 6 and 6). 

These differences cast doubt on the usual physiological explanation of the 
mechanism of Cheyne-Stokes breathing, based almost entirely on experiments 
with anoxia. The mechanism of Cheyne-Stokes breathing in cardiovascular 
disease may be fundamentally different, and it seems possible that the fluctua- 
■tions in respiratory depth associated with an alteration in respiratory level may 
be due, in part at least, to a periodic alteration in the degree of pulmonary 
congestion. 

There is thus a possible relationship between the types of periodic breathing 
we have described in animals, and which we interpret as being caused by a 
waxing and waning pulmonary congestion, and the type of periodic breathing 
seen clinically in patients with cardiovascular disease. There are certain dif- 
ferences, however, which must be noted. The alterations in respiratory levri 
which are characteristic of spirometer tracings in Cheyne-Stokes breathing m 
the cardiovascular group have not been sho'wn in any of the animals. In cardio- 
vascular disease, the administration of 6 % COj in oxygen, or ‘euphyllin (the- 
ophyUin and ethylenediamine) intravenously, usually abolishes Cheyne-Stokes 
breathing, whereas, in these animals, carbon dioxide merely increased the 
hyperpnoea, and ‘ euphyllin ’ (theophyllin and ethylenediamine) was without 
effect. 

SUMMAKY 

Periodic changes in respiratory depth may occur in anaesthetised animals, 
which are due to changes in the distensibility of the lung and not to any change 
in the activity of the respiratory centre. 
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THE MECHANISM OF THE VASOMOTOR REFLEXES ■ 
PRODUCED BY STIMULATING MAMMALIAN 
SENSORY NERVES 

By 6. GORDON {Scholar of Christ Churchj Oxford), 

From the Physiological Laboratory, University of Oxford 

{Received 23 December 1942) 

[t has often been suggested that afferent impulses, in response to a nocuous 
BtimuluB, have a part in initiating tbe changes in blood pressure ■which may 
follow severe injury. The idea gets an added’interest from some recent sugges- 
tions that these impulses are carried in at least ’two types of fibre, the delta 
fibre and the -unmyelinated C fibre [Zottennan, 1939], and it calls for a close 
analysis of the reflex changes in blood pressure produced by various kinds of 
electrical stimulation of an afferent nerve. 

It is kno'wn that stimulation of the central end of the cut sciatic nerve in the 
cat can have either a pressor or a depressor effect. Weak stimulation [Hunt, 
1895], or stimulation at low frequencies [Gruber, 1917], gives a depressor reflex; 
if either the strength or frequency is increased, the reflex may become pressor. 
Two •vie'ws are held about this reversal, produced by increasing either strength 
or frequency of stimulation ; they are reviewed by Ranson [1921], -who beheved 
that the pressor reflex was related to a greater central summation of impulses. 
Hunt [1895], on the other hand, bad suggested that the ptessor and depressor 
reflexes were served by different types of afferent fibre, the pressor fibre ha-ving 
a higher threshold. 

This question is reopened here. Clark, Hughes & Gasser [1935] found that 
there is still a vasomotor reflex if all the fibres in the sensory nerve except the 
unmyelinated C fibres have been inactivated by asphyxiating the nerve. Their 
experiment has been repeated here imder controlled conditions, to find the 
nature of this vasomotor reflex; and dissociation of fibres has also been pro- 
duced here by cocaine, which affects the smallest fibres first [Gasser, 1935], and 
by cooling, which produces a sensory dissociation that is not closely related to 
fibre diameter [Bickford, 1939]. 

Methods 

Cau wore Ufc<l for the experiments. Thirty out of thirty-six were anaesthetized -mith nembutal, 
pven mtrapcritoneaUy in the dose of 35 mg./hg. body weight. Deep anaesthesia was maintained 
r E"Tng 10-20 -mg. inlravcnoualy at intervaU. Three animals were anaesthetized with urethane. 
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M tute in the dose of 2 g./kg. body weight: the stomach tnbe was passed ander 

^hyl ohlonde anaesthesia. Three other animals were decerebrated nnder ether, aad.seie eal«. 
+>i 4 -i ^ 0 mg./kg. of curare intravenously, and then ventilated artificially. In the anafs- 

' ^ a deep and as far as possible a constant level, so aa to 

p*f visible reflex movements during stimulation or any vigorous respiratory reflexes, rince 
o ese m) d give rise to uncontrolled secondary changes in the blood pressnre. ' 
chosen for stimulation was the medial popliteal, and its extension, the 
... ^ ® nerve was dissected out from the middle of the thigh down to the ankle, 

cuttn^ the arteries supplying it, and all* its muscular branches in tbfw region were cut 

rve 1 was usually cut through at the ankle. The electrodes were of platinum, housed in 
perspex holders of the Sherrington type. 



Fig. 1, Diagram of the apparatus used for cooling or freezing nerves. For description see text 

Stimulation was provided by condenser discharges. Stimuli with time constants of either 1 or 
0*1 msec, were used; the former were provided by a neon tube stimulator of conventional desigHt 
and the latter by a hard valve circuit. These instruments were calibrated for strength, frequency, 
and duration of stimulus on a cathode-ray osoiDosoope. The time constant {RO) of a condenser 
discharge in sec, was calculated firom the stimulator circuit; it is the product of the capacity of the 
discharging condenser in pF. and the resistance through which it discharges in Mfl. 

^ A.8pliyxia of a nerve was produced either by a sphygmomanometer cuff tied round the limb and 
inflated to 40 mm. above arterial blood pressure, or by tying the arteries supplying blood to the 
limb. It was found that a number of arteries must be tied if the blood supply is to be out off coni' 
pletely; otherwise a collateral circulation is soon established. Permanent h’gatures were tied roinifl 
the last two pairs of lumbar arteries, both internal iliac arteries, the caudal artery, and both 
inf^or epigastric arteries. A loose loop of silk was then passed louhd the external iliac artery of 
the side to be asphyxiated later on, and this was brought out of the abdominal incision through ® 
short flanged ebonite tube, round which the skin and muscles were stitched up. When it 
necessary to asphyxiate the limb, the artery was lifted up hy this loop, and was occluded with a 
* rubber-padded clip passed down the tube. The eflaoiency of this method was tested by injecting 
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lo/„ trypan Wne into the jngnlat Tein ^th the arterial ligatures in position and if there 
colon^ of the limb in question after 15 min., it was considered that its blood supply had been 


'“ifeies rreie codti rrith the apparatus shorm in Kg. 1. The cooling element itself is a cop^r tube 
(T), rrith a longitudinal riot cut in it, through -which the nerve {N) is inserted The tube m i m. long, 
and its wall is about three-quarters of the thiclmess of the nerve it contains. A block of 
(B) slides into the slot, and completes the encirclement of the nerve. Both thm block and the tube 
are silvCT-plated. The tube is soldered to a vertical copper strip (S) i in. tluck, which pawes up 
through a rubber bung into a vacuum flask (F), containing either ice or an ice and salt mixture. 
The temperature of the tube T is measured from a' thermocouple soldered into it (C), and lying 
as close to the nerve as possible. Another thermocouple is kept at 0° C. A range of temperatures 
down to - 6° C. can be obtained. 


Results 

Stimulation of normal nerves 

Relation of the r^ex to the strength of stimulation. Rig. 2 illustrates an experi- 
ment in wHcli tlie cen-fcral end of tlie posterior -tibial nerve -was stimulated -witli 
shocks of time constant 1 msec, and frequency 3 per sec. Tlie nerve -was stimu- 
lated for periods of 20 sec., starting witb a strengtli of 4 V., and increasing in 
subsequent stimulations up to 28 V. Tbe resul-ts are typical of all the experi- 
ments in the series. There is a faU of blood pressure with weak stimuli of 4, 6, 
and 12 V., a fall followed by a rise -with, an intermediate stimulus of 22 V., and 
a rise with the strongest stimulus of 28 Y, 

The accompanying record of respiration shows a slight decrease in amplitude 
when the blood pressure fell, and an increase when the blood pressure rose. 

, Rdalion to the duration of the stimulus. When a stimulus was used with the 
shorter time constant of 0-1 msec., it was found impossible to produce any 
pressor reflexes, even with strong stimuli (60-80 Y.), pro-vided that the fre- 
quency of stimulation was less than 100 per sec. This is illustrated by Rig. 3, 
which contrasts the depressor reflex, obtained at 60 Y. with a short-lasting 
stimulus, with the large pressor reflex obtained at 25 V. -with a longer stimnlus. 
The stimulus frequency was kept constant at 10 per sec. 

Relation to (he frequency of stimulation. K the strength of stimulation is such 
that depressor reflexes are obtained with a low stimulus frequency, pressor 
reflexes can often be obtained by increasing the frequency of stimulation alone 
(Fig. 4). This reversal usually happens when the ftequency is raised above 100 
per see,, and it was found even -with a stimulus of short time constant (0-1 
msec.), though the reflex rise in blood pressure was then never more than 
20 mm. of mercury. 

All the reflex effects described so far have been found consistently in animals 
anaesthetized with nembutal or urethane, and in curarixed decerebrated 
animals. The type of reflex response was not affected by cutting both vagi and 
cauterizing the tissues round the carotid sinus, although both pressor and de- 
pressor reflexes were larger after this had been done. 







Fig. 2. Beoorda of the vasomotor (B.P,) and respiratory (Fcjp.) reflexes prodnced by stimuli o( 
various strengths applied to the central end of the posterior tibial nerve. Weak stimnlatkin 
gave a depressor reflex and strong stimulation a pressor reflex. Respiration recorded by 
Gaddum s method. Anaesthetic, urethane. Frequency of -stimulation, 3 per sec. Time 
constant, 1 msec. 



Fig. 3. Records of the reflex changes in blood pressure produced by stimulating the central en 
of the posterior tibial nerve. In A a strong stimulus of short time constant (0*1 msec.) 
a depressor^reflex. In JB the time constant Tvas 1 msec, and a pressor reflex was obtained 
the weaker stimulus of 26 V. Anaesthetic, nembutal. Frequency ofstimulationlOpersec. Tbr 
tracings inset above show the configuration of the appropriate stimuli: they wore taken fit>ro 
cathode-ray oscilloscope records. 
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In tlie remaining experiments described below, a stimnlns jntb a time 
constant of 1 msec, bas been tmed, and tire feeqnency bas usuaUy been kept 
constant tbrongbout each experiment. Pressor and depressor reflexes have 
been produced by strong and weak Btimnlation respectively, and tbe nerve bas 
been altered, proximal to tbe stimulated point, by cocainizing, asphyxiating, 
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Fig. 4. Records of the reflex changes in blood pressure produced by stimulating the central end 
of the posterior tiblal nerve at a fixed strength of stimulus but vritb a variable ftequenoy. 
Anaesthetic, nembutal. Strength of stimulas, 16 V. Time constant, 1 msec. 


or cooling. Possible errors caused by tbe spread of electrical stimulus across 
the block have been eliminated by placing the distal electrodes at least 1 in. 
beyond tbe block, and, in most experiments, by using a control pair of 
electrodes proximal to tbe block. 


The effect of cocaine 

Tvro pairs of electrodes were used, one appbed to tbe posterior tibial nerve at 
the ankle, and the other to the same nerve above tbe knee. Before applying 
cocaine, control stimulation was carried out at each pair of electrodes with 
weak and strong stimub. 0-5 c.c. of 1 % cocaine bydrocbloride was then slowly 
infiltrated under tbe nerve sheath between tbe pairs of electrodes, through a 
very fine hypodermic needle. After this the nerve was stimulated at each pair 
of electrodes every minute, and tbe vasomotor reflexes obtained by stimnlation 
proximal and distal to tbe narcotized portion were compared. 

Five minutes after applying the cocaine, no pressor reflex could be obtained 
by stimulating distally (Fig. 5), and a depressor reflex was tbe response 
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to the strongest stimulation (30 V.). The reflexes obtained by stimulating 
proximaUy were unchanged. After 16 min. the nerve was usually completely 
blocked by the cocaine, and reflexes were only obtained by stimulating 
proximaUy. 
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Fig. 6. Records showing the eflfect on the Tasomotor reflexes of applying cocaine to t e n ^ 
proximal to the stimulated point. A. Depressor and pressor reflexes obtained with ^ 
strong stimuli before applying cocaine. B. Depressor reflex obtained by strong stim 
distally, 6 min , after applying 0-6 o.o. 1 % cocaine. C. Pressor reflex obtained by strong 
lation proximal to the cocainized point. Anaesthetic, nembutal. Frequency of stini 
2 per sec. Time constant, 1 msec. 


T/ie ^ect of asphyooia 

Electrodes were applied to the posterior tibial nerve of each leg. It was con- 
firmed before starting the experiment that the vasomotor reflexes obtaine 
stimulating each nerve were similar for the same strengths of 
leg was then asphyxiated, either with a sphygmomanometer cuff or by tyiflg 

the arteries supplying it. .in 'n 

There was no change in the reflexes from the asphyxiated side for 3 ’ 

but after this the depressor reflex obtained with weak stimulation 
smaUer, and finaUy disappeared after 60-60 min. At this stage of 
it was stUl possible to obtain pressor reflexes with strong stimulation ( • > 

and often smaU pressor reflexes were seen with the weaker stimuli, w c 
given only depressor reflexes before asphyxia. The pressor reflex r^ponse to 
Long otimnlation (30 V.) of the aaphyiiated nerve ™ .lightly le W' 

than that obtained when the same sfsmnliis ivaa app e o e nonna n 
of the other leg. 
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When the blood supply restored, the depressor reflex appeared agam, 
and after 10 min. there ^as no difference between the reflexes obtained by 
stimulating the two nerves (Fig- 6). 
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Jij. G. Records of the vasomotor reflexes produced by stimulating the posterior tibial nerves. 
One nerve (4) had been asphyxiated by tying the arteries supplying the appropriate limb; the 
other nerve (X) was normal, (a) Weak stimulation of each nerve (•! V.) 30 min. after ocdu- 
rion of the blood supply. (6) Similar stimulation after 40 min. (c) Similar stimulation after 
45 min. (ift Weak (4 V.) and strong (25 V.) stimulation of each nerve after 50 miru (e)Weak 
(4 \ .} stimulation of each nerve 10 min. after removing the arteriid clip and restoring the 
blood supply. The depressor reflex from the asphyxiated nerve is abolished after 50 min., 
though the pressor reflex remains at the end of this time. The depressor reflex appears aeain 
after restoring the blood snpply. Anaesthetic, nembutal. Frequency of stimulation, 3 per 
sec. Time constant, 1 msec. 



Asphyxia, therefoie, in contrast to cocaine, abolishes the depressor reflex 
first, but tbe pressor reflex remains, and is often ratber larger than before. 


The ^ed of cooling and freezing 

Cooling. The nerve was cooled to various temperatures between i and 10’ C. 
^th tbe apparatus which has been described (Fig. 1). It was stimulated distal 
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to the cooled point, after 10 min, had been allowed for the nerve to reach an 
even temperature. After stimulation, the cooling element was removed, and 
stimulation was repeated after 6—16 min ., when the nerve had returned to body 
temperature. 

When the nerve was cooled to temperatures between 6 and 7° C., the de- 
pressor reflex obtained with weak stimulation at 2 per sec. was smaller than 
normal, and the pressor reflex with strong stimulation was sometimes unaltered 
and sometimes slightly larger than normal. 

When the nerve was cooled to 4° C., no depressor reflex could be obtained at 
all, and the pressor reflex was rather smaller than normal (Fig. 7). When the 
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Fig. 7. Becords shoTring the effect on the vasomotor reflexes of cooling the nerve to 4° C. 

to the stimulated point. A. Depressor and pressor reflexes obtained irith weak and strong 
stimuli before cooling. B. Depressor reflex abolished but pressor reflex stiD present aflrr 
cooling to 4° C. C. Depressor and pressor reflexes obtained as before, 16 min. after removing 
the cooUng element. Anaesthetic, nembutal. Frequency of stimulation, 2 per sec. Tune 
constant, 1 msec. 

cooling element was removed, both pressor and depressor reflexes reappeared 
within a few minutes. 

Cooling the nerve to temperatures below 4° C. abolished both pressor and 
depressor reflexes. 

Freezing. Two pairs of electrodes were applied to the nerve, and the cooling 
element between them. The nerve was cooled to —3 or — 4° C. with an ice and 
salt mixture, and kept at that temperature for 6-7 min. By the end of that 
time it was frozen hard, and it was removed from the cooling tube with a 
camel-hair brush moistened with warm Einger-Looke solution. 

Stimulation at each pair of electrodes was then carried out every 6 min- 
There was usually no vasomotor reflex response to stimulation at the distal pair 
of electrodes for about 10 min. A pressor reflex then appeared on strong 
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stimulation, and as stimtilation was repeated tMs gradually tecame larger, 
until after an hour or more tlie strongest stimnlation (30 V.) gave a mucli larger 
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■g- 8, Kccords growing the effects on the vasomotor reflexes of ffeeimg the nerve {7 min. at 
electrodes were nsed, proximal (P) and distal (2)) to the point koixn. 
{3 ^pn-i'or and pressor reflexes obtained with weak and strong stimnlation before fieering 
it) SlmmUtion at dirtal and proximal electrodes 20 min. after fieering. (c) Stimtilation 
after 40 min. (d) Stimnlation after 60 min. The pressor reflex returns after freezing- it is 
^^cr than hefw and can he obtained with weaker stimuli. The depressor reflex do4 not 
return. Anaesthetic nembntal. Frequency of stimulation, 0 per sec. Tfrue constant, 1 msec. 

pressor reflex than could he obtained by stirntdating at tbe proximal paix of 
electrodes. At this stage, a weak Btimulns (4 V.) also gave a small piessox 
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t„ rt™ inpoMiWe to obtain depreajot refleiea by rtmolating M 

o the portion of neifo wlict bad been taen, at any time daring the mat of 

flnfl 7 ^*^^ ®o^®tiines there was a partial recovery after 2 hr. or more, 

nd then a small depressor reflex was obtained again. 

i’t. +T, + or freezing the sensory nerve resembles that of asphyxia 

, ^ e epressor reflex is the first to be abolished by cooling, and the last 

to return after freezing. 


Discussion 

e:^eriments confirm the previous observations that the type of vaso- 
r re ex o tained by stimulating the central end of a cut sensory nerve 
depends on both the strength of stimulation [Hunt, 1896], and the stimnlns 
equency [ ru er, 1917]. They also emphasize the importance of a sufficiently 
ong sfiock-duration in obtaining pressor reflexes. Ashkenaz [1939] claimed 
I was not possible to produce a reversal from a depressor to a pressor 
^ increasing the strength of stimulation; but his results suggest 
that he used shocks of too short a duration (see Fig. 3). 

Xhe expeiments also throw some light on the question originally discussed 
Billingsley [1916], who suggested that any influence which re- 
uce e num er of impiilBes in an afferent nerve wotzld tend to abolish the 
pressor re ex, and that it would then be easier to obtain a depressor reflex. 

therefore, that the appearance of a pressor reflex was the 
o mcreased cenfral summation. The results described above show that 
nerves oc ed by cocaine fulfil this prediction, but that the opposite is true of 
need by asphyxia or cold. There can be no doubt that each of these 
, number of nervous impulses passing centrally; 

e a o taon of the depressor reflex and the persistence of the pressor reflex 
r asp yxia or cooling cannot therefore be explained on the assumption that 
e pressor reflex is simply the expression of increased central summation, 
ese results, on the other hand, support the classical idea that sensory 
nerves contain pressor and depressor afferent fibres of different sizes, the 
p essor res having a higher threshold to stimulation, and being the more 
raist^t to asphyxia or coohng, while the depressor fibres have the lower 
fin ^ore resistant to cocaine. If two types of afferent peripheral 

e o exist, it is not unreasonable that the pressor reflex is larger than normal 
en t e epressor antagonist has been inactivated by asphyxia, cooling, or 


No attempt has been made here to identify the precise types of fibre re- 
sponsible for the pressor and depressor reflexes by means of their action poten- 
r^oQ 1 r tentative conclusions can be made about them. Clark et al 

[ 5] ound from the action potential that the only fibres resisting asphyxia 
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for 46 min. were unmyelinated C %ea, and it has been shown here that the 
only vasomotor reflex persisting after the sensory nerve had been asphyxiated 
for this time was a pressor reflex. It is probable, therefore, that naany of the 
pressor afferent fibres belong to the C group. This means that they have a 
higher threshold than the depressor fibres, and a longer excitation-time 
(Tig. 3). 

The depressor afferent fibres, on this supposition, must belong mainly to the 
A group, being those which are the most resistant to narcosis with cocaine, and 
the least resistant to asphyxia. It is impossible, without the electrical evidence 
of the action potential, to tell to which subdivision of the A group these fibres 
belong. ' 

The effect of cooling and freezing the sensory nerve, in these experiments, 
has been similar to that of asphyxiating it, and although the effects of cold on 
the different types of fibre are not accurately known, it is significant that 
human ‘second pain', which is probably mediated by unmyelinated C fibres 
[Lewis & Pochin, 1938], is the lost sensation except warmth to be lost when a 
cutaneous nerve is cooled [Bickford, 1939]. Some further experiments are in 
progress on the effects of cold on the different fibres of a peripheral nerve. 

There is one discrepancy between the results given here and those described 
by Hunt [1895]. Hunt found that cooling a sensory nerve first abolished the 


pressor reflex obtained by stimulating the nerve, and that the depressor reflex 
persisted longer. The entirely opposite result described here may depend on the 
fact that a stimulus of 2 per sec. frequency was used, while Hunt used a repeti- 
tive stimulus from an inductorium, with presumably a higher frequency. The 
use of a higher frequency of stimulation, when the nerve is at a low tempera- 
ture, must bring in the complication of Wedensky inhibition, and it is probable 
that the smallest fibres, by virtue of their long refractory period, are more 
susceptible to this inhibition than larger fibres. In confirmation of this idea, 
it has occasionally been observed here that when a nerve was cooled to about 


G° C., a reversal from a pressor to a deptessor reflex was produced by increasing 
the frequency of stimulation from 2 to 20 per sec. This effect was only seen 
when the nerve was at a low temperature at the time of stimulation: it did not 


occur in nerves partially blocked by freezing, which had returned to body 
temperature before stimulation. 


' The reversal from a depressor to a pressor reflex, which occurred when the 
frequency of stimulation was raised above 100 per sec. (Fig. 4), and which 
Gruber [1917] was the first to observe, may depend on an increase in central 
summation of tlie kind which Hanson & Billingsley [1916] had proposed, and 
'vhicli has recently been discussed by Ashkenaz [1939]. It is a phenomenon of 
a different kind from the reversal produced by increasing the strength of 
stimulation; the latter is more likely to depend on the higher threshold of the 
pressor fibre. 
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for 45 min. ivere nnmyelinated C fibres, and it bas been sbomi here that tbe 
only vasomotor refiex persisting after tbe sensory nerve bad been asphyxiated 
for this time vas a pressor reflex. It is probable, therefore, that many of tbe 
pressor afferent fibres belong to the C group. This means that they have a 
higher threshold than the depressor fibres, and a longer excitation-time 
(Fig. 3). 

The depressor afferent fibres, on this supposition, must belong mainly to the 
A group, being those vrhich are the most resistant to narcosis rvith cocaine, and 
the least resistant to asphyxia. It is impossible, "without the electrical e'vidence 
of the action poten"fcial, to "tell to "which subdivision of the A group these fibres 
belong. ‘ 

The effect of cooling and fieezing the sensory nerve, in these experiments, 
has been similar to that of asphyxiating it, and although the effects of cold on 
the different types of fibre are not accura"tely kno'wn, it is significant that 
human ‘second pain’, which is probably mediated by "tmmyelina"bed C fibres 
[Le'wis k Poohin, 1938], is the last sensation except warmth to be lost when a 
cutaneous nerve is cooled [Bickford, 1939]. Some further experiments are in 
progress on the effects of cold on the different fibres of a peripheral nerve. 

There is one discrepancy between the results given here and those described 
by Hunt [1895]. Hunt found that cooling a sensory nerve first abolished the 
pressor refiex obtained by stimulating the nerve, and that the depressor refiex 
persisted longer. The entirely opposite result described here may depend on the 
fact that a stimulus of 2 per sec. frequency was used, while Hunt used a repeti- 
tive stimulus from an inductorium, "with presumably a higher frequency. The 
use of a higher frequency of stimulation, when the nerve is at a low tempera- 
ture, must bring in the complication of Wedensky inhibition, and it is probable 
that the smallest fibres, by virtue of their long refractory period, are more 
susceptible to this inhibition than larger fibres. In confirmation of this idea, 
it has occasionally been observed here that when a nerve was cooled to about 
C C., a reversal from a pressor to a depressor reflex was produced by increasing 
the frequency of stimulation from 2 to 20 per sec. This effect was only seen 
when the nerve was at a low temperature at the time of stimulation: it did not 
occur in nerves partially blocked by freezing, which had returned to body 
temperature before stimulation. 

' The reversal from a depressor to a pressor reflex, which occurred when the 
frequency of stimulation was raised above 100 per sec. (Fig. 4), and which 
Gruber [1917] was the first to observe, may depend on an increase in central 
summation of tbe kind which Hanson & Billingsley [1916] had proposed and 
which bas recently been discussed by Ashkenaz [1939]. It is a phenomenon of 
a different knnd from the reversal produced by increasing the strength of 
Btiinulation; the latter is more likely to depend on the higher threshold of the 
pressor fibre. 
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It remains to discuss the possible importance of these principles in the 
clinical question of the vasomotor reactions after severe injury. C fibres, on the 
evidence of experiments on human beings [Lewis & Pochin, 1938] and on 
animals [Zotterman, 1939], carry slowly conducted impulses associated with 
‘second pain’. These fibres adapt slowly, and their discharge, in response to a 
single cutaneous stimulus in the cat, is apt to be prolonged. Most of the pressor 
afferent fibres probably belong to this group. On the evidence of these same 
authors, the fibres carrying impulses of the accurately localized ‘first pain’ 
belong to the A group, and are probably delta fibres. This group probably con- 
tains depressor rather than pressor afferents ; and it may be that afferent im- 
pulses in these fibres, which adapt more rapidly, can play a part in the reaction 
to injury which is known as primary shock, and from which recovery is often 
spontaneous. But if any nervous discharge has to do with the more serious 
condition of secondary traumatic shock, a question which remains very contro- 
versial, it is more likely to be a discharge in slowly adapting fibres, possibly in 
those of the C group, which appears to have given a pressor reflex under the 
experimental conditions described in this paper. 

SUMMAEY 

1. Electrical stimulation has been applied to the central end of the cut 
posterior tibial and other mixed nerves in cats, which were either deeply 
anaesthetized with nembutal or urethane, or else decerebrated. Stimulation 
at low frequencies causes a reflex rise in blood pressure with strong stimuli, and 
a fall with weak stimuli. This agrees with the results obtained by Hunt [1896]. 

Only depressor reflexes can be produced, however, even with very strong 
stimulation, when the time constant of the stimulus is ns short as 0-1 msec. 

2. When cocaine, an agent which inactivates the smallest fibres first 
[Gasser, 1936], is applied to the nerve proximal to the point stimulated, the 
pressor reflex is abolished before the depressor reflex. 

3. When the nerve is blocked by cold or asphyxia, the depressor reflex is 
abolished first, and the persisting pressor reflex often becomes larger than 
before. Asphyxia, in contrast to cocaine, affects the largest fibres first [Clark 
et al. 1936] : the effect of cold on fibres of different sizes is not so clearly known. 

4. On this evidence, it is suggested that the pressor and depressor reflexes 
have separate afferent fibres in sensory nerves, the pressor fibres possibly 
belonging to the C group, and having a higher threshold to stimulation. 

6. If the strength of stimulation is kept constant, a reversal from a de- 
pressor to a pressor reflex can be produced by increasing the frequency of 
stimulation alone, as Gruber [1917] originally found. It is suggested that this 
type of reversal depends on central summation of impulses. 

The author wishes to express his thanks to Prof. E. Q. T. Liddell and to Dr D. Whitleridge, t® 
whom ho is greatly indebted for much advice and oritioism. 
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EFFECTS OF lODOACETIC ACID, GLYCERALDEHYDE 
AND PHOSPHORYLATED COMPOUNDS ON THE 
SMALL INTESTINE OF THE RABBIT 

By W. FELDBERG, From the Physiological Laboratory, 
Unive)'sity of Cambridge 

{Received 30 December 1942) 

The stiiniilatmg action, on the longitudinal muscle of the rabbit’s intestine, of 
glucose and pyruvate, results mainly from their ability to supply the chemical 
energy necessary for the normal tonic and rhythmic activity of this muscle 
[Feldberg & Solandt, 1942], The question thus presented itself how substances 
like iodoacetic acid and glyceraldehyde, which influence carbohydrate meta- 
bolism, would effect the stimulating action of glucose and pyruvate, and 
further, if phosphorylated carbohydrates or their derivatives were able to 
replace glucose or pyruvate in their stimulating action on the smooth-muscle 
preparation of the intestine. 

According to Prasad [1936] the longitudinal muscle of the intestinal prepara- 
tion poisoned by iodoacetic acid is no longer stimulated by glucose, whereas 
pyruvate has a definite but slight beneficial effect, Glyceraldehyde was found 
to inhibit glycolysis in tissue slices or extracts of tumours [Mendel, 1929], of 
brain [Holmes, 1934; Ashford, 1934] and of embryo [Needham & Nowinski, 
1937 ; Needham & Lehmarm, 1937]. Reversal of the glyceraldehyde inhibition 
by pyruvate has been observed in tumour tissue [Mendel, Bauch & Streliti, 
1931] and embryo brei [Needham & Nowinski, 1937]. According to Mann, 
Tetmenbaum & Quastel [1938], glyceraldehyde inhibits acetylcholine forma- 
tion by minced brain tissue in the presence of glucose. Kahlson & Macintosh 
[1939] obtained no definite effect of this kind in their experiments on perfused 
superior cervical ganglia. No experiments have hitherto been carried out to 
demonstrate the inhibitory action of glyceraldehyde on surviving smooth- 
muscle preparations. 

Methods 

A piece of 6-7 cm. from the duodenum or upper third of the small intestine of 
the rabbit was suspended in a 14 c.c. bath. The lumen of the intestine was left 
open at both ends, the oral end being attached to a thread leading to a Lovatt 
Evans frontal writing lever. Tyrode solution, with and without glucose, was 
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used, air bubbled tbiougb it and tbe temperature kept between 33 and 36° C. 
Tbe batb was emptied by overflow and the substances were added with a 
syringe. The phosphoric esters were used as sodium salts. 


Results 
lodoacetic acid 

lodoacetic acid inhibits the stimulating action of glucose. Therefore, when 
added, in a concentration of 1 : 2000-6000, to a preparation suspended in 
aerated Tyrode solution containing glucose, the longitudinal muscle relaxes and 
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Fig. 1. Record of rabbit's small intestine preparation in H c.c. glncose-free lyrode solution. 
Effect of 2 mg. iodoacetio acid (at C) on 10 mg. glucose (at A, E, 0, J, L, N and 0) and on 
as mg. Bodmm pyruvate (at B, D, F, B, K and M). Time in 30 see. For detaik see text. 

the amplitudes of the rhythmic contractions diminish. This inhibition, which 
may be preceded by a slight contraction, starts after a latency of a minute or 
two and increases gradually even if the iodoacetic acid is washed out after a 
few minutes. MTicn added to a preparation suspended in glucose-free Tyrode 
solution it has no action of this kind or causes slight diminution in the size of 
tlie rhi-thmic contractions only (Fig. 1 C). In this condition, however, it 
renders the muscle inexcitable to the stimulating action of glucose, an effect 
Vfhich may last for hours after the iodoacetic acid has been washed out. The 
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stimulating action of sodium pyruvate is also inliibited, but to a lesser degree 
and for a shorter period. It is thus possible to obtain a condition in which the 
muscle no longer responds to the stimulating action of glucose but still to that 
of pyruvate. This is illustrated in Fig. 1. The preparation was suspended on 
14: c.c. glucose-free Tyrode solution; an hour later when the longitudinal 
muscle was weU relaxed and the rhythmic contractions had become small 
glucose and pyruvate produced strong contractions, 10 mg. of glucose (at A) 
being about as active as 0‘6 mg. of sodium pyruvate (at B). With pyruvate the 
latency (13 sec.) was shorter than with glucose (23 sec.), and the contraction 
reached its maximum earlier and subsided more quickly after replacing the 
bath with glucose-free Tyrode solution. At C, 2 mg. of iodoacetic acid were 
added to the bath and washed out after 6 min. One minute later, at D, pyru- 
vate no longer stimulated the muscle, but after 18 min., at F, it stimulated the 
muscle nearly as strongly as at B. Some inhibition was revealed by the long 
latent period of 69 sec. The latency at H was 36, at K 26 and at M 29 sec. In 
other experiments lengthening of the latent period persisted for some time only 
after the iodoacetic acid had been washed out. The stimulating action of glu- 
cose was abolished (at E) and remained abolished for about 1^ hr. after the 
iodoacetic acid had been washed out, as seen at G and J. Between E and J 
glucose was given twice with the same result. The sole effect of glucose was 
inhibition of the spontaneous contractions. The inhibition was more pro- 
nounced in this experiment than in many others. A trace of inhibition was also 
seen at A, but was quickly overcome by the stimulating action of the glucose. 
It was obtained with pyruvate also, particularly when the latency for the 
stimulating action had lengthened. A similar initial inhibition has been de- 
scribed for other sugars [Feldberg & Solandt, 1942]. There was slight recovery 
at L which, however, did not develop in the following 2 hr., as seen by the 
effects of glucose at N and 0. 


Al-Glyceraldehyde 

Like iodoacetic acid <S-glyceraldehyde inhibits the stimulating action of 
glucose and pyruvate, but, whereas iodoacetic acid inhibits glucose more 
completely and for a much longer period, the difference is less pronotmced with 
glyceraldehyde. Complete recovery is obtained to the stimulating action of 
glucose when the glyceraldehyde is removed from the bath. In this respect it 
differs greatly from the more persistent effect of iodoacetic acid. 

When added in a concentration of about 1 ; 1000 to a preparation suspended 
in Tyrode solution containing glucose, glyceraldehyde causes gradual relaxa- 
tion of the longitudinal muscle and reduction in the amplitude of its rhythmic 
contractions, but a few minutes after washing out the glyceraldehyde, even if 
it has been kept in contact with the muscle for more than an hour, recovery 
sets in and becomes complete within 30-40 min. On a preparation suspended 
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in glucose-free Tnode solution glyceraldekyde kas no depressing effect of ^ 
o™, but inkibits tke stimulating action of added glucose and pyruvate In the 
experiment of Fig. 2, 0-5 mg. of sodium pyruvate (at 4) and 20 mg of glncose 
(at R) bad about tke same stimulating action. Glyceraldekyde vras tken added 
to the bath and left in contact wtk tke muscle for 14 min. During tMs time 
glucose -svas given tivice and B^) and pyruvate once {A^). Full inhibition to 
glucose did not develop until tke glyceraldekyde bad been in contact vntk tke 



fl, 0. B. B, fl, B, A, B, 



Tig. 2. Record of rabbit's small intestine preparation in 14: c.c. glncosc-fiee Tjrode solution. 
At 0-5 mg. sodium pcruvate; latencies 11, 18, 14, 14, 13 and 14 sec. lespectiTely. At 
■Bi-B, 20 mg. glncose; latencies at Bj 21, at Bj 25, at B, 25, at B, 23 and at B, 25 sec. Between 
the two arrows 10 mg. of tfl-glyceraldeliyde. Time in 30 sec. For details see text. 


muscle for several minutes, but even tken the effect of pyruvate was not 
abolished but greatly depressed only. After washing out tke glyceraldekyde 
recovery to pyruvate proceeded quickly and was nearly complete in less 
than 20 min. (A 4 ). Tke contraction at A^ differed from that at only 
by a longer latency and a more gradual development. Eecovery to glucose 
took longer, but was complete within 40 min. after washing out the glycer- 
aldcbydc (Bg). 

^ eakcr concentrations of glyceraldekyde than those used in tke experiment 
cf Fig. 2 bad a comparatively weaker inhibitory action. For instance, 4 mg. 
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added to the 14 o.c. bath and left in contact with the mnscle for several 
minutes, greatly depressed but no longer abolished the stimulating action of 
20 mg. of glucose; this concentration already sHghtly inhibited pyruvate. 

PhospTioglyceric acid, Cori ester, Embden ester and Harden-Young ester 
None of these four phosphorylated compounds tested on the rabbit’s intestine 
preparation, suspended in glucose-free Tyrode solution, could replace glucose 
or pyruvate, or at least to any appreciable extent. The results obtained witi 
phosphoglyceric acid and Cori ester are illustrated by the experiment of Fig. 3. 



Fig. 3. Record of rabbit’s small intestine preparation in 14 o.o. glnoose-free Tyrode solntion. 
At A 12 mg., at S 24 mg., at (7 40 mg. and at D and 0 20 mg. of the sodium salt of pbospho- 
glyceric acid. At E, F and J 6 mg. of ginoose. At S 100 mg. of the sodium salt of the Con 
ester left in contact with the muscle for 30 min . At the crosses the fluid was washed out hat 
replaced with glucose-fiee Tyrode solntion containing 100 mg. Cori ester. Time in SO we- 
For details see text. 

S-d-Phosphoglyceric acid had a slight stimulating action resembling that of 
glucose in so far as it started after a latency, but differing in so far as it sub- 
sided' when the substance was left in contact with the muscle for a few minutes 
(at O). At A, B and C are seen the effects of 12, 24 and 40 mg. respectively o 
the sodium salt of phosphoglyceric acid left in contact with the muscle for 
90 sec., and at G of 20 mg. left in contact for 3 min . The small stimulation of 
the longitudinal muscle started after a latency of 10-16 sec. There were strong 
constrictions of the circular muscle at (7, observed directly through the glass 
wall of the vessel and due probably to the increase in tonicity [see Feldberg & 
Solandt, 1942]. Phosphoglyceric acid did not interfere with the action of 
glucose. At D, 20 mg. of the phosphoglyceric acid, and 2 min , later without 
washing it out, 6 mg. of glucose were given at E, both substances being washed 
out 90 sec. later. The stimulating effect of glucose resembled that &tF, when 
given alone; in both there was a latency of 26 sec. 

Oori ester {glucose-l-phosphate), given at the end of the tracing, had no effect 
at aU. From H onwards the bath contained, for 30 m i n., 100 mg. of the ester. 
The ester did not influence the response to glucose, 6 mg. of which were given 
at J, without washing out the ester. After a further period of 90 sec. both 
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^Tibstances ^eie wasted out. The latency uras 25 sec. and the effect someirhat 
stronger and longer lasting than at E and F. Snch an increase m the stimu- 
lating action of glucose is often observed uith its repeated administration, 
partictdarly if there had been a long interval since the last dose vas given. 

Embden ester Qiexcse-Q-jihosphate) vras tested in one and Harden-Young ester 
[fnsdose-l, diphosphate) in two experiments. Embden ester produced slight 
immediate and short-lasting contraction of the longitudinal muscle, and, in 
stronger concentrations, contractions of the circular muscle. The effects were 
probably not speofic, but due to impurities with barium or sulphate ions. At 
least the effects did not resemble those of ^ucose. The Haiden-lToung ester 
appeared to produce a slight glucose-like effect if added to the bath in a dose 
equivalent to 10 mg. of hexose or more. The effect was not obtained regularly, 
but might indicate that this ester, to a slight extent, was able to replace 
glucose. 

Discussion 

Our results show that iodoacetic acid may poison smooth muscle in snch a way 
as to render it insensitive to the stimulating action of glucose, but not to that 
of pyruvate. This condition is obtained when the iodoacetic acid is washed out 
after a few minutes’ contact with the muscle. Nevertheless, iodoacetic acid 
depresses the effect of pyruvate, although to a lesser degree than that of 
glucose. Contrary to our results Prasad [1935] observed incomplete recovery 
only to pyruvate of the intestinal muscle poisoned with iodoacetic acid, 
probably because he left the acid in contact with the muscle throughout the 
experiment. In explaining the mechanism of iodoacetic-acid poisoning on the 
carbohydrate metabolism of smooth muscle the fact has to be taken into 
account that it influences the stimulating action of glucose as well as that of 
pyruvate although in different degrees. Since lactate, added to smooth-muscle 
extracts, is not oxidized [Prasad, 1935] and cannot replace glucose or pyruvate 
in the smooth-muscle preparation [Feldberg & Solandt, 1942], the analysis of 
the inhibitory action of iodoacetic acid could not be extended to this derivative 
of carbohydrate metabolism. The isolated frog’s heart, poisoned by iodoacetic 
acid, on the other hand, is able to use not only sodinm pyruvate but also 
sodium lactate, metbyl glyoial [Clark, Eggleton, Eggleton, Gaddie & Stewart, 
1933] and phosphoglyceric acid [Pamas, Ostem & Mann, 1934]. 

The inhibitiou produced by glyceraldebyde on tbe stimulating action of 
glucom on the smooth-muscle preparation accords with its known inhibition on 
glycolysis in minced tissue and tissue slices. In our experiments it also in- 
hibited, although to a lesser degree, the stimulating action of pyruvate which 
revives the inhibition of glycolysis in tissue slices or tissue extracts. The gradual 
but complete reversibility of the inhibition produced by glyceraldebyde on tbe 
fmwth-muscle preparation, when washed out of tbe bath, may be associated 
^th a slow conversion into lactic acid of tbe glyceraldebyde not washed out 
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from the muscle. Proof for such a conversion has been given by Needham k 
Lehmann [1937]. 

The inability to replace, in the stuviving smooth muscle, glucose or pyru^ste 
by phosphorylated hexose esters, or to replace them to any appreciable degree, 
may result from the fact that the living cells are relatively impermeable to 
them. A similar interpretation has been given by Kosterlitz [1912] for the 
slow rate of fermentation of phosphorylated compounds by living yeast cells. 
Since phosphoglyceric acid appears to be utilized by the frog’s heart, even 
when poisoned with iodoacetic acid, its inability to replace glucose to any 
extent in the intestinal muscle could be explained in a similar way only by 
attributing to the intestinal muscle a permeability to carbohydrate derivatives 
different from that of the heart muscle. There is no evidence for such su 
assumption. 

Summary 

On the isolated rabbit’s intestine preparation suspended in glucose-free Tyrode 
solution the following results were obtained : 

(1) Iodoacetic acid and df-glyceraldebyde inhibit, on the longitudinal 
muscle, the stimulating action of glucose and to a lesser extent that of pym- 
vate. After washing out the iodoacetic acid the muscle remains more or less 
insensitive to glucose but becomes, after a short time, fully sensitive to the 
stimulating action of pyruvate. After washing out the glyceraldehyde com- 
plete recovery takes place to pyruvate as well as to glucose, recovery to 
pyruvate, however, oocurring earlier than that to glucose. 

(2) The phosphorylated compounds, phosphoglyceric acid, Con estei 
Embden ester and Harden- Young ester, cause only a slight glucose- « 
stimulation of the longitudinal muscle or none at all. 

I ahonld like to make gratefol aoknowledgment to Dr T. Mann for hia aaggestioM and help 
to Dr R. Hill for the preparation and supply of the sodium salt of the Cori ester. 
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PANCREOZYMIN, A STIMULANT OF THE SECRETION 
OF PANCREATIC ENZYMES IN EXTRACTS 
OF THE SMALL INTESTINE 

Bt a. a. harper A^^) H. S. RARER, From the Department of 
Physiology, University of Manchester 

[Received 9 J anuary 1943) 

The external Becretion of the pancreas has, since the work of Mellanby [1925], 
been regarded as tinder a dual hormonal and nervous control; secretin con- 
trolling the amount and bicarbonate content of the iuice, the vagus nerve its 
enzyme content. 

Several observers, however, have reported that secretin itself stimulates 
enzyme production. Chiray, Jeandel & Salmon [1930] found that intravenous 
injection of secretin in man not only increased the rate of flow of pancreatic 
juice, but also increased the concentration of enzymes in the juice two- or three- 
fold, Hammarsten, Agren & Lagerlof [1937] also seemed at one time to regard 
secretin as an enzyme stimulant, but in a more recent paper Lagerlof [1939] 
concludes that ‘it is unlikely that the secretin produces any increased activity 
within the enzyme-producing cells’. Voegtlin, Greengard & Ivy [1934] ob- 
served no consistent increase in the concentration of enzymes in the pancreatic 
juice following intravenous mjections of secretin in dogs and man. Barrington 
' [1941], on the other hand, using secretin prepared by Ivy’s method, concluded 
that secretin directly stimulated the discharge of pancreatic enzymes. Harper 
A V ass [1941] found that in cats the passage of foodstuffs or water through the 
pylorus into the duodenum, or their injection into the duodenum, resulted in 
an increase in the enzyme output by the pancreas, even when all the extrinsic 
, nerves to the small intestine had been cut — an observation which cannot be 
reconciled with Mellanby’s theory of a vagal control of enzyme output. 
Harper &, Vass also found that secretin, prepared by Mellanby’s method 
piellanby, 1932], had no stimulant action upon the output of enzymes from 
the pancreas. 

It seems clear therefore that subsequent work has not supported Mellanby’s 
sharp demarcation of hormonal and nervous control of pancreatic secretion. 
On the one hand several observers have claimed that secretin stimulates the 
production of pancreatic enzymes; on the other hand Harper & Yass observed 
increases in the enzyme output when the vagus nerves had been cut. 

8—2 
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Many of the discrepancies between these various observations could be ex- 
plained if there were present in the intestinal epithehiun a hormone capable of 
stimulating .the production of enzymes by the pancreas. It was to the examina- 
tion of this possibility that the following experiments were directed. 

Methods 

The experiments were performed on cats, anaesthetized with chloralose 
(0-08 g./kg. body weight, intravenously). The animals were fed a few houia 
before the experiment. The splanchnic nerves were cut extraperitoneaUy and 
pancreatic juice was collected by a cannula inserted into the pancreatic duct. 
To preclude stimulation of the pancreas by bile or acid in the duodenum, the 
bile duct and the pylorus were occluded. 

A continuous flow of pancreatic juice of low enzyme content was maintained 
by regularly repeated injections of secretin prepared by MeUanby’s method. 
The amount of secretin injected was suf&cient to maintain a rate of flow of 
about 1"0-1'5 c.c. in 10 min. The amylase content of successive samples of 
juice was measured by Wohlgemuth’s method, and in a few experiments the 
trypsinogen content was measured by the formaldehyde titration method. The 
methods used were those given in detail by Harper & Vass [1911]. 

From the amylase and trypsinogen contents of the various samples the 
minute output of these enzymes can be calculated, by multiplying the content 
by the amount of the sample in c.c. divided by the time of coUeotion of the 
sample in minutes. In the figures fllustrating this paper the term refers 
to the minute output of amylase calculated in the above manner. The rate of 
secretion is expressed as the number of c.c. of juice secreted in 10 mm. 

Results 

Preparations have been made from extracts of the mucosa of the small in- 
testine and have been tested by intravenous injection into cats. Against the 
backgroimd of a steady flow of pancreatic juice of low enzyme content it has 
been possible to observe the effect of these upon the rate of flow of juice and 
the output of enzymes by the pancreas. By this method we have obtained 
preparations which increase the output of enzymes from the cat’s pancreas 
without having any secretin activity (Fig. 1). For the active substance pro- 
ducing this effect we suggest the name ‘Pancreozymin’. 

Method of 'preparation of pancreozymin 

The principle of the method is as follows : the secretin and pancreozymin are 
extracted from the intestinal mucosa with alcohol. After distilling off the 
alcohol the secretin is removed by Mellanby’s bile-salt method, and the 
pancreozymin is then precipitated by the addition of NaCL 
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The mucous membrane is scraped from the first 3-4 ft. of the small intestime 
of the pig, ground ^th sand and extracted for I hr. with four times its weig , 
expressed in c.c., of 99% alcohol, the mixture bemg shaken gently d^g he 
extraction. The extract is then filtered. If not used immediately the filtrate is 
kept in the ice-chest in dark bottles. It is next mixed with an ecpial volume of 


c.c. 



^g. 1. The flow of pancreatic jnice waa maintained by the njeetion at intervalB of 12 min. of 
0-35 mg. secretin for the first two injections, and 0-25 mg. for all the later samples. In addition 
7-5 mg. of a pancreozymin preparation (‘NaCl precipitate’) were injected at A, £, G and D. 
Following each of these injections there was a vrell-mathed increase in the minute output of 
amylase. The pancreozymin injected at A and at B had been dissolwed 20 hr. previously in 
0-1 2f HQ and 0-1 N liaOH respectively and kept in the ice-chest. The sample injected at O 
had been heated in a boiling water bath for 30 min. before injection. None of these procedures 
affected the activity of the pancreozymin. 


aqueous 0-1 ilf CaCl^ to precipitate lipoidal material, allowed to stand for ^ 
1 bi. and filtered. Five hundred c.c. portions of the filtrate are concentrated 
under reduced pressure (outer bath temperature not exceeding 40° G.) to one- 
quarter its bulk. The secretin is precipitated by adding to each 600 c.c. of the 
concentrated solution 1 g. bile salt (commercial tauroglycocholate) dissolved in 
about 10 c.c. water, followed by 15 c.c. 1 % acetic acid. Tbe secretin is separated 
lu a centrifuge and may be purified by extracting it with a small volume of 
absolute alcohol and precipitating with acetone. A trace of CaCla assists 
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flocculation of the secretin at this stage. The supernatant fluid obtained after 
centrifuging off the secretin is saturated with sodium chloride and allowed to 
stand in a round flask in the dark for 2-3 days. By this time a sticky precipitate 
has settled out on the bottom and sides of the flask. It consists partly of bile 
salt and contains the pancreozymin. The hquid is poured off and rejected. The 
precipitate is dissolved in a small volume of water, filtered and evaporated to 
dryness in a vacuum desiccator over H2SO4 . We have called this preparation 
the ‘ NaCl precipitate ’. It contains a considerable amount of NaCl. One g. of 
the residue is shaken with 60 c.c. absolute alcohol for an hour in a shaking 
machine. This dissolves the active substance. The solution is filtered and taken 
almost to dryness by distillation under reduced pressure. The residue is dis- 
solved in a httle water and evaporated to dryness in a vacuum desiccator. This 
is the material with which most of our experiments have been done. It contains 
little or no secretin, but causes a marked increase in the enzyme concentration 
of pancreatic juice when injected intravenously into cats. We have called it the 
‘ alcohol-soluble ’ preparation. It may be purified further in the following way. 
Fifty mg. are mixed with 0-2 c.c. N HCl and 2 c.c. pure acetone. When all has 
dissolved 30 c.c. pure, dry acetone are added, and after standing an hour the 
precipitate is centrifuged off. It is washed with dry acetone and then dry 
ether, and dried in a vacuum desiccator. Some of the activity is lost in this 
process, but the product is about twice as active weight for weight as the 
‘alcohol-soluble’ preparation. It is very hygroscopic. We have called it 
‘preparation A. A.’ 

Attempts have been made to purify pancreozymin preparations by adsorp 
tion. The pancreozymin preparation was dissolved in water, shaken with the 
adsorbent for 16 min., centrifuged and the supernatant fluid tested. No 
diminution in activity was observed with the following adsorbents: kaohn, 
franconite, aluminium hydroxide Cy or benzoic acid. A certain amount 0 
success was obtained with colloidal ferric hydroxide. Using a solution of ^0 
initial ‘ NaCl precipitate ’, aU the activity was removed by precipitation wi 
B.P. ‘ dialysed iron ’ and recovered completely by elution with 0-25 % aquei^ 
ammonia. This resulted in a trebling of the activity per mg. dry substance, 
a larger scale, however, the process was not so effective and it obviously K 
quires further investigation. The most active material per mg. dry weight has 
been obtained by precipitating a 1 % solution of the ‘alcohol-soluble prepara 
tion containing a trace of NaCl with 10% trichloroacetic acid, centrifuging, and 
washing the precipitate with acetone and ether. By this method, however, 
about half the total activity is lost. Attempts to obtain more active prepara- 
tions by the use of Reinecke salt or phosphotungstic acid have so far not been 
successful. 



PANGBEOZYMIN 


119 


Adivity of pancreozymin preparation’s 

We have not attempted to express the activity o£ pancreozymin preparations 
in terms of ‘units’, as vre are not convinced of their value either in the case of 
pancreozymin or of secretin. As a rule vre have not accepted the respoime to a 
pancreozymin preparation as positive unless the sample collected dnmg the 
12 min. foUouing the iniection shovred a minute output of amylase twice that 
of the control sample collected for 12 min. before the injection. Averap figpp 
from 50 experiments show that after the injection of NaCl precipitates in 
doses of 2 mg./kg. body weight the minute output of amylase rose to 12-2, 
Dmpared with a control level of 4‘8. The injection of ‘ alcohol-soluble pre- 
arations in doses of 1 mg./kg. body weight increased the minute output of 
mylase to 13-9 from a control level of 6-3. 

On an average 100 g. intestinal mucosa gives a yield of 300-400 mg. ‘NaCl 
trecipitate’ or 100-150 nag. ‘alcohol-soluble’ preparation. An effective dose 
)f pancreozymin contains the active material from 1-5 to 2-5 g. intestinal 
nncosa. 

Mode of adion of pancreozymin 

That the response to pancreozymin is not secondary to any action, either 
central or peripheral, upon the vagus nerves is shown by the fact that pancre- 
ozymin is active in vagotomized animals and after the intravenous injection of 
atropme (Fig. 2). 

Most of the experiments were done on animals fed a few hours previously, 
bat the pancreatic action of pancreozymin cannot be secondary to any effect 
upon the intestinal mucosa, facilitating the absorption of intestinal contents, 
as injections of pancreozymin are effective in starved as well as in fed 
animals. 

In a few experiments the trypsinogen content of the pancreatic juice was 
estimated in addition to the amylase, and it was found that pancreozymin, like 
stimulation of the vagus nerve, produces a parallel increase in the output of 
amylase and trypsinogen. Eepeated injections of pancreozymin over a period 
of 1 hr. show no diminution in the response of the pancreas in the latex 
samples. 

The action of pancreozymin upon the pancreas cannot be accounted for by 
any vasodilator material in the extracts. Cruder preparations of pancreozymin 
(‘EaCl precipitate’) have a slight evanescent depressor effect upon the arterial 
blood pressure, but purer preparations are free from such activity. A sample of 
pancreozymin was assayed for histamine by the gninea-pig ilenm method. The 
assay showed ‘no evidence of histamine’, i.e. an effective dose of pancreozymin 
contained less than Tpg. of bistamine. The intravenous injection of this amount 
of histamine produced a more definite fall of arterial blood pressure than a 
crude pancreozymin extract, but bad no effect upon the enzyme content or 
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rate of flow of pancreatic juice. Intravenous injections of pancreozymin are 
without effect upon the level of the blood sugar either in chloralosed cats or in 
unanaesthetized rabbits. 




C.C. 

1 1-5 
Rate H hO 


0-5 

0 



Kg. 2. The aplanohnio nervea were out extraperitoneally, and the dorsal vagns tnmk was cat M 
the oesophagus. An injection of pancreozymin (6*5 mg. ‘alcohol-soluble* preparation) a » 
and faradio stimulation of the dorsal vagus trunk for 4 min. at V, were each followed by aa 
increase in the minute output of amylase. After the intravenous injection of 1'26 mg- 
sulphate at A, a second injection of pancreozymin at P' produced an increase in the nun 
output of amylase, but a repetition of the vagal stimulation at F' was without effect 


Chemical characteristics of 'pancreozymin 
The ‘Nad precipitate’ or ‘alcohol-soluble’ preparations retain their activity 
for many months when kept in the dry state. The activity of an ‘alcono 
soluble’ preparation was not affected by standing at room temperature over 
night in N-^ Hd, but it disappeared completely under the same conditions wt 
Ni NaOH. On the other hand, 16 mg. of the ‘Nad precipitate’ dissolved io 
2 c.c. N/10 NaOH and kept overnight in the ice-chest maintained its activity 
fully (Kg. 1). 

To test the action of pepsin on pancreozyniin three tubes were set up 
below: 123 


‘Preparation A A.’ 5-1 mg. 

0-2 % pepsin (Merck) 0-6 c.c. 

iVj SCI 0-2 c.c. 

H,0 1-6 O.O. 


6-1 mg. 

0-2 c.c. 
2-0 c.c. 


0-6 c.c. 
0-2 c.c. 
1*6 0.0. 
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The tubes ^rere iucubated at 37° C. for 17i hr. It confirmed that in ^ 
time the concentration of pepsin used \ras sufficient to dissolve fibrm. ^-er 
incubation tbe liquid in each tube vas neutralized vitb KaOH, brought to 
3 C.C., and 2 c.c. used for testing by intravenous injection. This shoved that 
the same amount of pancreozymin vas present in 1 and 2 and that the pepsin 
itself (tube 3) had no pancreozymin activity. Pancreozymin is therefore not 
digested by pepsin. To test the stability of pancreozyinin to pancreatic juice, 
O'l c.c. cat’s pancreatic juice activated by enterokinase vas added to 2 mg. 
‘preparation A.A.’ in 2 c.c, phosphate buffer pH 7-1. The pancreozymin 
activity vas completely lost in 2^ hr. at 37° C. Crude pancreozymin appears to 
he thermostable, for a solution of 15 mg. in 4 c.c. water lost no activity on 
heating in a boiling water-bath for ^ hr. (Fig. 1)- 
To test dialysabihty a solution of the NaCl precipitate in water was allowed 
to dialyse into water in the ice-chest using a collodion sac. After 24 hr. both 
inner and outer solutions were found to be inactive. A small amount of active 
material was obtained by extracting the collodion with alcohol, indicating that 
adsorption was the probable caxise of lack of activity. Using a cellophane 
membrane under similar conditions it was found that dialysis occurred but was 
far from complete in 24 hr., although three changes of the outer water had been 
made. This suggests that the molecule of pancreozymin is about the same size 
as a proteose. 

Pancreozymin in secretin preparations 

It was maintained by hlellanby [1925] that preparations of secretin made by 
his bile-salt method contain no substance which stimulates enzyme secretion. 
On the other hand, Hammarsten et al. [1937] and Barrington [1941] have 
suggested that secretin does stimulate enzyme production. Barrington used a 
preparation made by the method of Greengard A Ivy [1938] which they desig- 
nate S.I. This secretin is made by extracting the intestinal mucosa with 0-4% 
HCl, saturating with NaCl and extracting the resulting precipitate with 90% 
alcohol. The alcohol is removed by distillation, and after adjusting the pH 
to about 5-4 the liquid is warmed to precipitate inactive protein. Brom the 
filtrate the secretin is precipitated by the addition of trichloroacetic acid. We 
have confirmed that S.I. preparations made in this way contain both secretin 
and pancreozymin, since on intravenous injection they cause an increased out- 
put of both pancreatic juice and enzymes. 

We have, however, been able to show that if the extraction is made as 
described by Greengard & Ivy, but the final precipitation is made with bile salt 
and acetic acid instead of trichloroacetic acid, then a very active secretin may 
be obtamed which is free from pancreozymin. To obtain this secretin the bile- 
salt precipitate is extracted with a small volume of alcohol, leaving some un- 
^solved material, and the extracted secretin precipitated with acetone. We 
have called this secretin S.II. (Fig. 3). The substance in the precipitate oh- 
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tained by bile salt and acetic acid wMcb does not dissolve in alcobol was foimd 
to contain pancreozymin. After the crude secretin has been removed by bile 
salt and acetic acid, the supernatant fluid if saturated with NaCl yields more 
pancreozymin. This remains undissolved with some NaCl when the NaCl pre- 
cipitate is extracted with absolute alcohol. 


C.C. 



Fig. 3. Separation of pancreozymin and secretin. The flow of pancreatic jnice was mam ^ 
the injection at intervals of 12 min. of 0-4 mg. of Mellanby*s secretin, except at 
At A, instead of Mellanby’s secretin, 1-6 mg. of an S.L preparation joT 

and pancreozymin) were injected. This was followed by a marked increase in the ra 
of juice, and an increase in the concentration of amylase (i.e. an increase in pnQggif, 
index). The minute output of amylase was consequently also greatly increased. A 
of S.n. (containing secretin only) was injected. The increase in the rate of flow o jm 
followed was the same as at A, but there was no increase in the concentration o a 
There was therefore only a negligible increase in the minute output of amylase. 


The pancreozymin preparation obtained as above from the original extra 
made with 0-4% HCl thus differs from that made by direct alcohol extracho 


of the intestinal mucosa in being insoluble in alcohol. It seems to us possi 
that this difference in properties may be caused by heating the acid liquid con^ 
taining the secretin and pancreozymin at pS 5-0-5A to cause flocculation^^ 
inactive protein, this being a step in the preparation of secretin S.I. by 
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Gieengaid & Ivy method. We intend to investigate this problem as soon as 
opportunity permits. 

We have tested the secretin preparation of Hammarsten and his coUeagnes, 
called ‘Pancieotest’, and find that like Mellanby’s secretin it contains no 
pancreozymin. 

Distribution of 'pancreozymin 

ilost of onr preparations have been made from the uppermost 3-4 ft. of pig s 
small intestine, but ecpally active ones have also been obtained from cat and 
dog intestines. In one experiment nsing the relatively short intestine of the 
dog the activity of preparations made from'the upper half and the lover half 
vas about equal. With the cat the upper half gave a slightly more active 
preparation than the lover half. In an experiment in vhich six pig intestines 
vrere used, extracts vete made from the uppermost 4 ft. and the lovermost 
4 ft. The latter vas quite inactive, though the former vas very active. Prepara- 
tions made from the stomach of pig, cat and dog vere found to possess no 
activity. It may thus be concluded that the distribution of pancreozymin in 
the small intestine is similar to that of secretin. Incidentally, the negative 
experiments vith gastric mucosa serve as a control, since the method of ex- 
traction and precipitation vith bile salt vas identical vith that vhich gave 
active preparations from the small intestine. 

Disctrssiox 

The available evidence suggests that pancreozymin acts directly upon the cells 
of the pancreas. The activity of pancreozymin in atropinized animals eliminates 
the possibility that the vagus is involved, and its effectiveness in starved 
animals makes it unlikely that the stimulation of the pancreas is secondary to 
a dilator action on the vessels of the intestinal mucosa, aUoving of the absorp- 
bon of secretagogue substances, lluch of the earher opposition to the accept- 
ance of the physiological importance of secretin vas based on the argumentthat 
the vasodilator action of intestinal extracts vas responsible for the effect on the 
pancreas [Still, 1931], Pancreozymin extracts, hovever, have little or no de- 
pressor effect on the arterial blood pressure, and small amounts of histamine 
haie no pancreozymin activity. The S.I. preparation of Greengard & Ivy is 
also practically &ee from vasodilator material 
The stimulant action of pancreozymin upon the pancreas appears to he con- 
ed to the enzymes of the external secretion. Occasionally preparations of 
pancreozymin shov very slight secretin activity, but the majority have no 
e ect on the rate of flov of the juice. Various voikers have claimed to extract 
rom the mtestinal mucosa material vhich stimulates the production of insnlin 
} t e paimreas, and the evidence on the subject has recently been summarized 

y w. Gray & Ivy [1940]. Pancreozymin preparations have no such hypo- 

giycaenuc action. 
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tained by bile salt and acetic acid wbicb does not dissolve in alcohol was found 
to contain pancreozymin. After the crude secretin has been removed hj bile 
salt and acetic acid, the supernatant fluid if saturated with NaCl yields more 
pancreozymin. This remains undissolved with some NaCl when the NaCl pre- 
cipitate is extracted with absolute alcohol. 


C.C. 



Fig. 3. Separafdon of panoreozymin and seoreldn. The flow of panoreatio juice was mam ^ 
the injeotion at iuterrala of 12 min , of 0-4 mg. of Mellanby’s secretin, except at 
At Ay instead of Mellanby’s seoretm, 1'6 mg. of an B.I. preparation (containing 
and pancreozymin) irere injected. Tliis web followed by a marked increase in the ra ® 
of juice, and an increase in the concentration of amylase (i.e. an increase in the ^ 

index). The minute output of amylase was consequently also greatly increased. Atii 

of S.IL (containing secretin only) was injected. The increase in the rate of flow of jn^*^ ^ 
followed was the same as at A, but there was no increase in the concentration of 
There was therefore only a negligible increase in the minute output of amylase. 


The pancreozymin preparation obtained as above from the original extract 
made with 0-4% HCl thus differs from that made by direct alcohol extraction 
of the mtestinal mucosa in being insoluble in alcohol. It seems to ns possible 
that this difference in properties may be caused by heating the acid, liquid con- 
taining the secretin and pancreozymin at pH. 6-0~5-4r to cause flocculation of 
inactive protein, this being a step in the preparation of secretin S.I. by tb® 
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Greengard & Ivy metiod. IVe intend to investigate this problem as soon as 

have^Lted the secretin preparation of Hammarsten and his coUeagnes, 
cafled ‘Pancreotest.’, and find that like Mellanby’s secretin it contains no 


pancreozymin. 

Distribution of pancreozynmi 

Host of OUT preparations have been made from the uppermost 3-4 ft. of pig s 
small intestine, but equally active ones have also been obtained from cat and 
dog intestines. In one experiment using the relatively short intestine of the 
dog the activity of preparations made from the upper half and the lover half 
was about equal. "With the cat the upper half gave a slightly more active 
preparation than the lover half. In an experiment in vhich six pig intestines 
vere used, extracts vere made from the uppermost 4 ft. and the lovermost 
4 ft. The latter vas quite inactive, though the former vas very active. Prepara- 
tions made from the stomach of pig, cat and dog vere found to possess no 
activity. It may thus be concluded that the distribution of pancreozymin in 
the small intestine is similar to that of secretin. Incidentally, the negative 
experiments vith gastric mucosa serve as a control, since the method of ex- 
traction and precipitation vith bile salt vas identical vith that vhich gave 
active preparations from the small intestine. 


Discnssiox 

The available evidence suggests that pancreozymin acts directly upon the cells 
of the pancreas. The activity of pancreozymin in atropinked animals eliminates 
the possibility that the vagus is involved, and its effectiveness in starved 
animals makes it unlikely that the stimulation of the pancreas is secondary to 
a dilator action on the vessels of the intestinai mucosa, alloving of the absorp- 
tion of secretagogne substances. 3Inch of the earlier opposition to the accept- 
ance of the physiological importance of secretin vas based on the argument that 
• the vasoddator action of intestinal extracts vas responsible for the effect on the 
pancreas [Still, 1931]. Pancreozymin extracts, hovever, have little or no de- 
. pressor effect on the arterial blood pressure, and small amounts of histamine 
have no pancreozymin activity. The S.I. preparation of Greengard & Ivy is 
also practically free from vasodilator materiah 
■ The stimulant action of pancreozymin upon the pancreas appears to be con- 
, fined to the enzymes of the external secretion. Occarionally preparations of 
pancreozymin shov very slight secretin activity, but the majority have no 
^ect on the rate of fiov of the juice. Various vorkers have claimed to extract 
ftom the intestinal mucosa material vhich stimulates the production of insulin 
; ' by the pancreas, and the evidence on the subject has recently been summarized 
by Loevr^ Gray t Ivy [1940]. Pancreozymiu preparations have no such hvpo- 
C' glycaemic action. 
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The attribntioii of the property of stimulating enzyme production to secretin 
y some aut ors is cansed by the contamiimtioii of their secretin preparatioDB 
wt pancreozymin. We have shown that the secretin preparation of Greengatd 
vy which they call S.I, contains pancreozymin, and by modifying their 
method of preparation in the final stages it is possible to obtain secretin fiee 
om pancreozymin. The argument might be put forward that the secretin 
molecule had been broken up by the method of extraction used by us and the 
part stimulating enzyme production (pancreozymin) had been split off. But a 
simple extraction with alcohol followed by precipitation with bile salt in a 
faintly acid solution is not likely to cause such a change. 

It is clear that further investigations must be carried out to determine the 
best conditions for extracting pancreozymin and purifying it. All we have Been 
concerned to show at present is that this substance exists side by side with 
secretin and will therefore be extracted along with the latter in making the 
crude extracts from which secretin is later prepared. 

Is pancreozymin a hormone of physiological importance, or is it merely of 
pharmacological interest? In favour of a physiological status are its fteedoin 
generalized vasodilator activity and the close paraUelism between itJ 
distribution in the gastro-intestmal tract and that of secretin. The acceptance 
of pancreozymin also provides the simplest explanation of the observation of 
Harper & Vass that the injection of water into the duodenum increases the 
pancreatic enzyme output of animals which have had the extrinsic nerves to 
the intestine out. It would explain too the observation of Farrell & 
[1926] that following the administration of meals to dogs the juice from 
a transplanted pancreas increased not only in quantity but in 
content. 


If pancreozymin is accepted as of physiological importance, Mellanby’s con- 
ception of an exclusively nervous control of enzyme secretion must be aban- 
doned. By this we do not imply either that vagal control of enzyme secretion 
does not exist or that it is unimportant. Many observers Have demonstrated 
tbat there are fibres in the vagus nerves which on electrical stimulation increase 
the production of enzymes by the pancreas. There is still little or no informa- 
tion as to how a discharge of impulses in these fibres is brought about in the 
normal animal. 


SUMMAEY 

1. From the small intestine of the pig, dog, and cat a substance has been 
extracted which on intravenous injection into cats causes an increased secre- 
tion of enzymes by the pancreas but has no effect on the volume of jtioe 
secreted. We have named this substance ‘pancreozymin 

2. A method is described whereby pancreozymin can be separated from 
secretin, which accompanies it in alcoholic extracts of the small intestine. 
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I. Pancreozymin is thermostable. It is stable in acid but not in alkaline 
ition. Pepin does not affect it but it is destroyed by pancreatic juice. It 
lyses slowly through cellophane. 

L The response of the pancreas to pancreozymin is unaffected by section of 
) vagus and splanchnic nerves or by the administration of atropine. 

5. The distribution of pancreozymin in the small intestine is similar to that 
secretin. It is not present "m extracts of gastric mucosa. 

6. It is suggested tWt there may be a dual nervous and hormonal control of 
e secretion of enzymes by the pancreas and that pancreozymin is the hormone 
sponsible for the latter. 

7. Preparations of pancreozymin do not owe their action to vasodilator 
ihstances and have no hypoglycaemic action. 

The expenses of this work have been partly met by a grant from the Royal Society, for which 
e express onr thanks. 
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CAPILLARY PERMEABILITY IN TRAUMATIC SHOCK 

By D. ENGEL aioj E. FOREAI, From the Department of Neurosurgery of 
the Royal Infirmary, Edinburgh, and the Department of Physiology, Royal 
{Dich) Veterinary College, Edinburgh 

(Received 25 June 1942) 

One of us [Engel, 1940] has recently worked out a method for deter min i n g 
directly the permeability of the capillaries in a given rigion. This method 
appeared suitable for reinvestigation of the problem of increased permeability 
of capillaries in ‘traumatic shock’. We have therefore examined whether, after 
crushing a limb, there occurs an increase in the filtration through the capiUaries 
either confined to the traumatized region and its immediatTneighbourhood or 
generalized throughout the body. 

In traumatic shock a great quantity of plasma is assumed to escape from the 
blood vessels owing to their increased permeability. Evidence for this loss of 
plasma is of a twofold nature : the haemoconcentration found in man as well 
as in experimental animals during traumatic shock and the increase in weight 

' of a traumatized limb. Both findings, however, are open to a different inter- 
pretation. Haemoconcentration may be due to escape of fluid constituents of 
blood, but it may also occur as a result of mobilization of blood corpuscles from 
the blood reservoirs, especially the spleen and the bone marrow. This possi- 
bihty has not always been excluded as a cause of the haemoconcentration. 
The increase in weight of a traumatized limb, found by Blalock [1930] has 
been contested by some [Moon, 1938] but confirmed by others [Phemister, 
1928; Harkins, 1941]. It results from loss into the crushed limb out of the 
vessels, of plasma as well as blood, m amounts sufficient to account for death. 
It is not possible to determine to what extent the increase in weight is due to 
escape of whole blood from broken or torn vessels or to escape of fluid through 
the capillary walls. Beard & Blalock [1931], by centrifuging crushed tissue in 
order to separate the extravascular fluid, attempted to show that the oedema 
fluid of a crushed limb has a similar composition as serum. This method how- 
ever, does not differentiate between the plasma of the extra- and intravascular 
blood in the tissue and the extravascular oedema fluid. Both will appear in the 
supernatant fluid on centrifugation. There is thus no direct evidence of an in- 
creased capillary permeability in shock, 
rn. cn. 
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Neither is there any clear evidence if the accepted increased permeability of 
the capillaries is generalized or confined to the traumatized area. Blalock 
[1940], in criticizing the toxaemic theory, concludes that ‘there is no convincing 
proof that local injury in itself produces general damage to all capillaries and 
tissues’. 


j Methods ' ' 

The experiments were carried out on cats, with the exception of one expen' 
ment which was performed on a rabbit. The animals were anaesthetized bj 
intramuscular injection of 0-6 c.c./kg. of nembutal (for veterinary purposes 
about 1 hr. before, the actual preparation was started. A cannula was tied intc 
the carotid artery for recording the arterial blood pressure. Chlorazol fast pud 
(0-1 g./kg.) was injected intravenously as an anticoagulant. At different times 
about hourly, the haemoglobin concentration of blood samples taken fiom thf 
otherwise unused jugular vein was determined with the Sicca haemoglobmo 
meter. 

Determination of rate of filtration through the capillaries. A dye was injecta 
into the jugular vein at a constant rate throughout the experiment, while t ' 
two knee joints were perfused with Einger solution. The dye circulating m t 
blood will appear in the perfusate of the knee joints after it has passed t 
capillary endothelium, the synovial membrane and the fine layer of tmsu 
connecting the two. We measured the filtration through this composite mem 
brane, which wiU be referred to as the articular barrier. A diagrammatic le 
presentation of the barrier and its relation to the perfusion is given in Fig- 
The apparatus for the perfusion of the knee joints and the infusion of the y 
is illustrated in Fig. 1 A. It consisted of two identical record syringes of 
and a third syringe of 20 c.c., which were mounted firmly side by side, an 
pistons of which were pushed forward simultaneously by a metal wheel (m) 8 
as to empty the three syringes at an identical steady rate. The propelling o 
wheel was effected by a motor as described elsewhere [Engel, 1941]. The 20 c- 
syringe, connected by rubber tubing (o) to a cannula tied into the 
vein, contained a dye solution, usually of 1 % acid fuchsin, which was infus 
at a rate of about 0-7 c.c. /min. Each 10 c.c. syringe was connected by ru 
tubing (6, bfj with a needle inserted into the left and right knee joint re 
spectively, medial to the patella. These syringes were filled with Einger so u 
tion which was warmed in its passage along the rubber tube by an electrica y 
heated jacket (not indicated in the figure). A needle was inserted into eac 
knee-joint cavity lateral to the patella allowing the fluid to flow out of the 
cavity (small arrows in Fig. 1), which in a cat held between 2 and 4 c.c. o 
perfusate. Care was taken to avoid bleeding in order to keep the articular 
barrier intact. Only perfusates free from blood were considered satisfactory 
and, at the end of each experiment, it was ascertained whether the tips of the 
needles had been in the joint cavities. The perfusates were collected separately 
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from eact knee ioiat every 20-30 mm. and the dye content was determined 
colorimetrically. Tke syringes were emptied in akont kaif an iiom 
Tte dye concentration in tke Mood was estimated every tonr. 0-5 blooci 
xras removed from tlie jugular vein not used for tlie dye infusion, dilned 
1/200 and centrifaged. Tke superrmtant duid was compared colonmetncaliy 
ivitli a standard dye solution after .'addition of a few drops of acetic acid to 
regenerate the acid fuchsin (a procedure followed also with the perfusates). 
The solution was the same as used for the perfusates from the knee joints 
(1/400,000). (The dye concentration was expressed in millimetres, as read on 
the colorimeter.) In any one experiment the same quantity of the perfusate 



Fi 2 . 1. A. Arrangetnent for knee perfMcm. tr, irheel poshing the three pistons; a, tnhing c^in- 
nected mth jngnlar Tein; h-b,, tubing connected mth the two knee joints. The two snjaD 
arrowa repre..ent the catmolae emptying the perfiised joints. (For details see text.) B. Showing 
the dialysing process from one capiUarr (c), supplying the synowial membrane (S), into the 
jomt cavitj' (jc) which is perfused with Kinger soltrhoa (B). t, inflow; o, outflow; m, motor. 

— 10^0 mm. high column as read on the colorimeter — ^was compared with the 
standard solution, recorded again in millimetres, and charted so in the curves. 

^ The figures obtamed are relative values, but the absolute quantities can easily 
be calculated from them. 

■ la addition to measuring the dye excretion into the knee joints we have 
'' measured the temperature of the quadriceps muscles with two copper- 
constantan thermo-couples, each insetted into a serum needle, bv the usual 
' thermo-elcctnc method [for details see Engel, 1941]. 

Grmhing the limbs. In one series of experiments one of the hind le^s in- 
dudiuc the foot, was traumatized before or during the perfusion of the hnee 
joints, the other leg setiung as a control. At the end of the experiment the two 
bind legs were weighed after dividing the pelvis in the midline accotdinti to the 
~ technique of Blalock [1930], When the crushing was performed severTl hours 

a— 9 
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before the perfusion of the knees it was done under a short ether anaestlesia 
The trauma consisted of 80-100 hammer blows to the soft parts of the extremi 
ties, usually to the parts distal to the knee joints, but in a few experiments th 
region of the thigh was traumatized either alone or in addition. In anotke 
series of experiments both forelegs and feet were similarly traumatized durinj 
the perfusion of the knee j oints, and the dye excretion of both was compaiec 
before and after crushing. In most experiments the tibia, fibula and the taisa 
bones of the hammered limbs were also fractured. Care was taken not to breal 
the skin, but some slight bleeding could not always be avoided. 

Resitlts 

In animals without trauma the dye excretion from the perfused knee jointi 
was practically identical on both sides and increased gradually in the course o 
- the experiment, with the gradual accumulation of dye in the blood. The dye 
excretion was, approximately proportional to the blood dye concentration, 
variations being due to various factors which were out of control (pH of body 
tissue, renal and bver excretion of dye, etc.). The temperature of the tivo 
quadriceps muscles. did not differ by more than 0-l-l-0° C. It usually decreased 
considerably due to the slow general cooling caused by the nembutal. 

Crushing one hind leg 

This was followed by considerable sweUing of the limb which at the end of 
the experiment, lasting about 6 hr., weighed 50-130 g. more (average 90 g- or 
3% of the body weight) than the uncrushed limb of the other side. Tie 
crushing caused first a very marked increase and later a decrease of y® 
excretion from the perfused knee joint of the crushed leg in comparison to the 
excretion from the control side. The increased excretion started a few minute 
after the crushing and was detectable in the sample of perfusate coUec 
during the first 20 min , after the trauma. In twelve experiments (eleven wts, 
one rabbit) the increased dye excretion, when at its maximum, was 2-i tinies 
(average 3-5 times) greater than the excretion from the control leg. This m 
crease lasted from 1 to 3 hr. and was followed by decreased excretion, con 
tinuing usually to the end of the experiment. Only when the animal e 
during the perfusion did the excretion rise again to some degree shortly before 
death, probably on account of a general anoxia. - 

In those experiments in which no blood pressure was recorded the y 
excretion before the trauma was observed for a longer period. The excretion 
increased gradually on both sides with the increased dye concentration in tbe 
■blood. The trauma was often followed by a drop in the excretion of the non-, 
traumatized side. This drop amounted sometimes to over 25%, while there was 
a concurrent increase of dye excretion of 100 % on the traumatized side. 
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Atvpical experiment fllustrating tte initial increase and later 

^;Snafte?tranmaisgivenmmg-2C.TheinHnedratemcm^ 
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Fij. 2. Effect of crnshing right hind leg on muscle temperature (J), blood pressure (B), and 
dre eicietiou (C). In ^ and C continuous line, right crushed; dotted line, left hind leg. 
Interrupted line in C, dye concentration of blood (reduced to 1,'200). The arrcnvg indicate 
time of crashing. Abscissae: time in hours. The figures on top of B are haemo^ohin con- 
centration of venous blood. 

after 2 hr. by a decrease belovr the level of the control side despite the rise in 
blood-dve concentration. The blood pressure^ in this experiment is given at B, 
the figures on top of the tracing are haemoglobin concentrations of the blood 
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at the times’ indicated. In this and many other experiments, the blood prej- 
sure, although Tailing gradually, was maintained on a relatively high level for 
a considerable time before the final collapse occurred with heart failiire, pre- 
ceded by a period of Cheyne Stokes’s respiration. No absolute haemo- 
concentration has been obseryed in this or any of the other experiments, the 
haemoglobin percentage actually fell below" the pretraumatic level. This 
absence of haemoconcentration may have resulted from the severity of the 
trauma and the consequent considerable loss of whole blood from the tom 
vessels as witnessed by the large muscle tears and haematomata at post- 
mortems. Moreover, the blood was diluted throughout the experiment hy the 
intravenous infusion of fuchsin solution at the rate of 40 c.c./hr. leading to 
hydraemia. Under the given conditions haemoglobin percentages of 50-15 
after 4—6 hr. infusion must in fact be considered as relatively high values. 

There was no correlation between the degree of dye excretion and the gravity 
- of the shock condition as indicated by the arterial blood pressure or the swelling 
of the crushed limb. This was not to be expected. Compensatory mechanisms, 
which may maintain the arterial blood pressure for a considerable time, rendw 
it difficrdt to assess the condition of shock at a given moment of the 
meht. Neither is the swelling of the crushed limb a true indication for , 

permeation of plasma, since it results partly and to a varying degree from n 
extravasates. 

In only one experiment was the initial increased dye excretion after crMni^ 
absent. 'The procedure in this experiment differed from that adopted m ^ 
other twelve by the fact that the crushing was not limited to the parts 
to the knee joint but included the thigh. Post-mortem, a large haematoma was 
foimd roimd the femoral vessels probably compressing them. Some o 
blood vessels to and from the knee joint were probably severed and nervous 
lesions cordd not be excluded. These facts may be responsible for the absence 
of the initial increased dye excretion. 

In six experiments a colloidal dye, trypan blue, was infused in a 1 % conceu 
tration into the jugular vein simultaneously with the non-coUoidal acid fuc s 
This dye, which does not pass the articular barrier imder normal conditions 
[Engel, 1940], alsp failed to appear in the perfusate from the traumatized si Ci 
though it has the greatest degree of dispersity in the series of those dyes w c 
do not pass the barrier of the normal knee joint. This may be due to the ac 
that the trypan blue is too toxic to be given in a sufficiently strong concentra 
\tion or that the dye is taken up too readily by the reticulocytes. 

Measurements of temperature of the quadriceps muscles showed no defim c 
correlation between increased dye excretion and changes in temperature- 
Although in the majority of the experiments the temperature of the trauma- 
tized side was 0-3-l-6° C. higher than the control side the ratio was reversed m 

three. In one of these the temperature of tl 
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at delate stage of'tte esperiment vrlieii the dye excretion had dcCTeased and 
tte temperatnie became even, higher than that of the control side. In the 
experiment of Tig. 2 the temperature of both muscles throughout the experi- 
ment is given in the tracings at A. 


Late ^ccts 

The late decrease in the excretion of the dye &om the crushed leg vras studied 
separately in twelve cats by crushing the leg 3—23 hr. before the perfusion of 
the knee joints was started. In ten of these the crushin g was inflicted upon the 
calf and foot. Perfusion was started in eight, after 3— hr., in two, after 23 hr. 
In only two experiments in which the perfusion was started 3 and 4 hr. re- 
spectively after the trauma was there an increased dye excretion from the 
joint of the traumatized limb. This increase was small (15 and 60% respec- 
tively) and lasted for 1 and2 hr. only. Later on, excretion from the traumatized 
leg diminished and became considerably smaller than &om the control side. 
In the other eight experiments the dye excretion was much smaller on the 
traumatized side from the beginning to the end of the perfusion (3-4 hr.). The 
difference amounted to between 100 and 600%. The increased dye excretion 
from the traumatized side observed in the two experiments must be regarded 
as a delay of the transition of the first phase into the second, indicating that the 
decreased excretion does not always begin exactly 3 hr. after the trauma but 
may he delayed for another hour op two. Six hours, however, was the maximTiTn 
time limit within which increased dye excretion has been observed from the 


traumatized side. A. typical experiment illustrating the late decrease in dye 
excretion from a traumatized limb is given in Fig. 3. Perfusion was started 
23 hr. after crushing of the left leg , at a time when the animal was in a weakened 
general condition and when the left leg was considerably swollen. At the end 
of the experiment it was found to weigh 130 g. more than the right leg. In this 
experiment the early dye excretion from the control knee fell at about 3.30 p.m, 
simultaneously with the appearance of signs of heart failure. Shortly before 
death the excretion rose again, an effect repeatedly observed in a dying animah 
In two experiments the crushing was inflicted, on the thigh and perfnsion 
started ?j\ hr. later. In the one experiment dye excrerion from the traumatized 
side was 20% greater throughout the whole hr. perfusion than from the 
control leg. In the other experiment this condition was observed in the first 
lalf-hour, afterwards the excretion from the traumatized, side decreased con- 
siderahly and became much smaller than that from the normal side 
In five experiments trypan blue was infused simultaneously with the acid 
“'jinn. It did not appear iu any sample of perfusate of either knee joint. 
11'': temperature of the quadriceps muscle of the traumatized ride was in 
experiments 0-2-1-rj' C. higher despite the much smaller dve excretion 
tom the knee joint of this side. 
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Crushvig both forelegs 

Shortly after crushing both forelegs the dye excretion drops considerably 
from both knee joints in contrast to the rise in those experiments m which the 
trauma was ioflicted near the perfusion area. A typical experiment is illns- 
trated in hig. 4- The dye concentration in this case fell from 24 to 5 mm. on 
the right and from 36 to 4-5 mm. on the left side to rise later to 13 and 10 mm. 
lespe^vely.' Such a secondary rise usually occurred 2-3 hr. after the trauma; 



Time: hours 

rtg. 4. Effect of crashing both forelegs on blood pressure (j 1), and dye excretion of both normal 
knee joints (B). Symbols as in Eig. 2. 

sometimes the excretion reached the initial level or even exceeded it. However, 
10 the meantime the dye concentration in the blood had also risen considerably, 
fhe secondary rise resembles the gradual increase in dye excretion which 
occurs in uninjured animals, perfused under otherwise similar conditions. It is 
due to the gradually increasing blood-dye level. This experiment was repeated 
eleven times with similar results. Ho immediate rise of dye excretion could be 
elected in the perfusates. Only one case demated &om this rule. 
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Discussion 

The fact that the dye excretion from the perfused knee joint first iacreases and 
a er ecreases if a trauma is inflicted on the same limb below the knee, but 
™niediate diminution if the trauma is inflicted on a dikiant part of 
e 07 , is difficult to explain fully with the data at our disposal. The initial 
increase in dye excretion could not have been due to the rising concentration 
0 ye in the blood, since this would have affected both the normal and the 
traumatized side. The lack of parallelism between dye excretion' from the knee 
]omt and change in temperature in the quadriceps muscle of the same leg makes 
it unlikely that the increased excretion resulted from a better blood supply to 
t e traumatized leg, or that the subsequent decreased excretion resulted 
om a reduced blood supply. The supposition was that the quadriceps muscle 
as the most intimately related to the knee^oint has a very simila^blood supply 
and will show a reaction similar to the joint. Though this assumption may be 
open to criticism, the fact that the temperature changes sometimes were in 
ect opposition to those to be expected if the dye excretion had been de- 
pendent upon the blood supply, supports the view that the observed changes 
in dye excretion which occurred when the trauma was inflicted on the same 
leg, are not, or at least not mainly, the outcome of changes in blood supply but 
of changes in the rate of filtration through the capillaries. 

The immediate increase in rate of filtration through the capillaries in the 
neighbourhood, of the trauma may be interpreted in different ways: onepossi- 
bflity, and in our opimon the most probable one, is that the capfllaiy permea- 
bility in and around the area of trauma is temporarily increased. It is known 
[Landis, 1934] that the movement of fluids through the capillary, wall is 
greatly influenced by the capillary blood pressure, the colloid osmotic pressure 
of the plasma proteins and the retention of proteins by the capillary wall. 
These factors were not measured in our experiments and therefore the theory 
of increased permeability as a cause of the increased dye filtration is not fully 
conclusive. 

Another possible explanation is that the increased dye excretion is not apign 
of an increase in general permeability of the capillaries in the knee joint, but 
that the acid dye may pass more readily through the membrane after the 
trauma because of a lowering of the pH. 

It is imlikely that the late decrease in dye excretion which follows the period 
of increased dye excretion, when the trauma has been inflicted near the per- 
fused region, is due to the same mechanism as that responsible for the im- 
mediate decrease in filtration through the capillaries, when the trauma has been 
inflicted at a distant part of the body, since the one condition develops when 
the other disappears. The immediate and late changes in permeability when 
the trauma is inflicted near the perfused joint closely resemble the conditions 
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developing in inflammation. With tlie same techmque as used in our experi- 
ments it has been found {TBngel, 1940} that the permeability in the knee joint, 

24 hi. after an intra-artionlax injection of a 1 % Lngol solution, was decreased 
as compared with the normal side, while according to Tani [1935], who used a 
different technique, dye excretion was increased during the first hours of in- 
flanuaation caused by Lugol solution. In the area adjacent to the trauma a 
similar sterile inflammation appears to develop. This condition resembles or ^ 
may be identical with what Eppinger, Ealtitschek, Kaumtz & Popper [1936] 
described and demonstrated histologically as a serous inflammation. In the 
course of it the space between the synovial membrane and capillary endo- 
thelium would be imbued with fluid, probably plasma, and the double layer 
barrier changed into a more composite one which would offer greater resistance 
to the penetrating substances. 

The immediate decrease in dye excretion from the knee joint when the 
trauma had been inflicted on the forelegs is most probably the result of a fall 
of dye concentration in the circulating blood, brought about by loss of dye into 
the traumatized tissue of the swollen forelegs. There is no fall of blood dye 
concentration in curve B in Eig. 4, possibly because it was missed between the 
two readings at 3.30 and 4.30 p.m. In other experiments the fall amounted to 
30% and rose later again to the original level. A decreased dye concentration 
of the blood would lead to a fall of dye concentration in the articular perfusate 
without any change of the filtering capacity of the capOlaries. This view is 
Supported by the fact that this decrease in dye excretion lasts for a period of 
3 hr., a time corresponding to the period of increased dye excretion into the 
traumatized tissue, as indicated by the experiments in which the trauma had 
been inflicted near the perfused knee joint. 

llTiatever the mechanisms responsible for the changes in dye excretion and 
>n filtration through the capillaries may be, our results show that crushing 
tissue to such an extent that death ultimately ensues, does not cause an increase 
m filtration through the capiUaries throughout the body, but only in the neigh- 
bourhood of the traumatized tissue. Thus our results support the view ex- 
pressed by Moon [1938] that ‘ the main factor which is most probably responsible 
for the continued low blood pressure after injuries is not a general increase in 
capillary permeability with loss of fluid all over the body, but a loss of blood 
plasma through the walls of the damaged capillaries’. The conception of Short 
[1913], on the other hand, that ‘ oUgaemia in shock is induced b^ loss of fluid 
partly into the injured area, partly through the capillaries all over the body’ 
•a not borne out by our experiments. 

The time limitation of increased [rermeation in the region adjacent to the 
ftauma, and probably also at the site of the trauma, may have a practical signi- 
cnncc for the treatment of cases of traumatic shock. Any therapeutic action 
intended to arrest the outflow of plasma from the circulation ought to be done 
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■svitkin the first 3-5 hr. .after the 'tramna, since after that time the natural de- 
velopment tends to arrest this condition without outside iuterference.s^This 
conclusion bears out the experience of Slome & O’Shaughnessy [1938] that ‘the 
subject of severe trauma who does not show some sign of recovery under 
established modes of treatment within two or three hours of his iujury is 
almost inevitably doomed’. The sealing up of the portals from the blood 
vessels to the tissues may be of mixed benefit, since it does not only stop the 
outflow of plasrna into the tissue, but renders also the reflow into the reversed 
direction more difficult. This is probably one of the reasons why shock, after 
having reached a certain stage, is an irreversible condition. 

It might be argued that the knee cavity with its synovial membrane is not 
a true representative of the limb tissue and that the observed changes in dye 
excretion, as a result of changes in permeability, do not necessitate corre- 
sponding changes of permeability in other vessels of the Hmb. Since the joint 
cavity, however, is embryologically a natural slit in the Hmb, and the synovia 
membrane a derivate of conjimctive tissue, since further its blood supply an 
innervation are closely related to those of its surroundings, it appears reasons e 
to assume that it participates equally in all physiological and pathologies 
processes. 

SlTMMAET 

1. When the hind leg of a cat is crushed below the knee and dye (acid 

fuchsia) injected intravenously, its excretion from the perfused cavity o t e 
'knee joint of the same leg increases during the first 1-5 hr. and decreases^ 
afterwards. These results suggest an initial increase followed by a late decrease 
in filtration through the capillaries in tissue adjacent to the trauma. 
creased rate of filtration under conditions otherwise unchanged would indica e 
an increased permeabflity of the capillaries. , 

2. There is no corresponding increase in dye excretion from the 
knee ■joint when the crushing is inflicted on the forelegs. In this condition 
dye excretion decreases during the first 3 hr., probably as a result of a a 
dye concentration in the blood, caused by loss of dye into the trauma i 

tissue of the forelegs. ^ fiUrfl. 

3. These results support the view that in ‘traumatic shock’ increased tdtra- 

tion through the capillaries does not occur throughout the body, but is i 
stricted to the tissue in the neighbourhood of the injury; it occurs there on y 
during the first few hours after the trauma. 
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THE EFFECT OF EXERCISE ON CHLORIDE EXCRETION 
IN MAN DURING WATER DIURESIS AND 
DURING TEA DIURESIS 

By M. grace EGGLETON, From the Department of 
Pharmacology, University College, London 

{Received 18 Doxynber 194:2) 

In studies on the effect of exercise on urinary excretion in man, some diuretic 
is habitually used to facihtate frequent sampling of urine. Water has been most 
usually employed in this connexion, but tea Tras used in one major work on 
the subject [MacKeith, Pembrey, Spurrell, Warner & Westlake, 1923]. Com- 
parison of results obtained under the action of these two different diuretics is 
unxehable, owing to the different conditions prevailing in the different sets of 
experiments, especially in regard to the severity and duration of the exercise 
undertaken. An attempt has now been made to differentiate the changes m 
urinary excretion due to the exercise and those due to the diuretic employed, 
by experiments under more comparable conditions. 

Methods 

Students of both sexes were used as subjects, details of whom are given in tie 
appendix. The last meal was taken 6-6 hr. previously, and a glass of water 
2^3 hr. before the experiment. The exercise was short and severe — an all- 
out’ sprint occupying 40-60 sec. 

The &st comparison was made, in co-operation with the Biochemistry 
Department, between two different groups of subjects, at one year’s interval. 
On the first occasion, small amoimts of water were taken repeatedly in order 
to promote a reasonable flow of m-ine, and on the second occasion, a pint often 
was taken in one draught. The beverage was made by extracting i oz. Indian 
tea with boding water for 5 min. and contained less than 20 mg. NaCl/100 c.c. 
The exercise followed when diuresis was well established, two pre-exercise and 
four post-exercise urine samples being collected for subsequent analysis by the 
rest of the class. In the remaining experiments a more accurate comparison 
was made by using each subject for both experiments. These were done at the 
same time of day (afternoon) ; I pt. of fluid (either water or tea) was imbibed 
within 2-5 min. and the exercise taken 30-40 min. later when diuresis was well 
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established. Urine sampling Tras more frequent than in the class experiments, 
but chloride only vras analysed (electrometric titration method [Eggleton, 
Eggleton & Hamilton, 1937]). 

Results 
Class experiments 

The main results of the clas^ experiment on the effect of exercise on urinary 
excretion during rrater diuresis have been pubhshed already [Eggleton, 1942 a]. 
Their interest at the moment lies in the comparison with them of the results 
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on the two occasions. In the water-diuresis experiment, for example, some 
minutes elapsed between the collection of the last pre-exercise sample and per- 
formance of the exercisej the first post-exercise sample was, therefore, a mixed 
one, and changes in eomposition due to the exercise were thus artificially re- 
duced. In the tea-diuresis experiment the exercise was rather less severe and 
of longer duration (90 sec. instead of 60—60) owing to a misunderstanding of 
instructions, and the increase in phosphate output, was therefore less. The 
apparent difference in depression of creatinine excretion is, however, barely 
significant, this analysis being the least reliable of any in student hands. • 
The only differences of any significance between the two sets of experiments 
lie in the excretion of chloride, of total rutrogen, and of water. During the tea 
diuresis both total nitrogen and chloride excretion return to their pre-exercise 
level within an hour, but during the water diuresis they do not. This latter 
result confirms the observation of Havard & Reay [1937] in regard to chloride 
excretion. The experiment was, however, terminated sooner than that per- 
formed during tea diuresis, and the results therefore do not negative the 
possibility of a later return to normal values. 

In order to determine whether the exercise or the diuretic employed was 
responsible for the observed differences in the results of these two class experi- 
ments, a more careful comparison was made on a group of individuals, atten- 
tion being focused on chloride excretion and water output. For this purpose, 
eleven subjects were used, each performing the same amount of exercise on two 
succeeding afternoons ; on one day a pint of water was taken first and on the 
other a pint of tea. In nine of these subjects, control experiments on tea and 
water diureses were made, without exercise. 

Chloride excretion in water diuresis 

In eight of the nine subjects tested, water diuresis itself led to a considerable 
dimin ution in chloride output. Curves of the average rate of urine flow and 
chloride excretion for these eight subjects are shown, in Fig. 2. It is strange 
that this effect accompanying a water diuresis has not previously been empha- 
sized, for evidence of its existence is not lacking in the literature. Marshall 
[1920], for example, who whs attempting to demonstrate a rise in chloride 
excretion during -water diuresis in man had to admit ‘at the height of urme 
flow, the ehmination of chloride is diminished’. What he did not admit, but 
can be seen clearly in his protocols, is a stiU greater decrease i^ chloride ex- 
cretion as the diuresis continued; this occurred in aU the subjects investigated. 
Priestley [1921] and Adolph & Ericsen [1926] obtained a similar result. 

A study of individual curves shows no close time relationship between the 
decrease in chloride output and increase in water excretion. In Fig. 3 two 
extreme cases are plotted; in one (subject G), the greatest fall in chloride 
excretion precedes the main onset of diuresis, and in the other (subject L), the 
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lowest point on tlie cnxve is leacted only as the diuresis is pas^g off. This fact 
suggests the possibility that Wo distinct mechanisms may be mvolved, the 
lefative sensitivity of the Wo varying in different mdividuals A comparison 
of the total output of water and of chloride in the different subjects howeve 
suggests the existence of an inverse relationship between the Wo. .In Table 1 
is shown the total output of urine in the eight -subjects, in descending order of 



Kg. 2. The effect of a water dioresia on chloride excretion. Average of eight BuhjectB.' 

magnitude, together -with the decrease in total chloride excretion expressed as 
a percentage change on the normal resting output. Although the relationship 
>3 not a close one, there is a definite trend in the direction of greater inhibition 
of chloride excretion -with smaller diuresis. 

In one of the nine subjects investigated, a completely different result was 
obtained. The chloride excretion increased steadily -with increase in rate of 
nnne fio-w dmring the onset of the diuresis, as can be seen in IFig. 4, The same 
phenomenon was observed in the exercise experiment, during the onset of 
‘Viurcsis before the exercise, and would appear, therefore, to be of regular 
occurrence in this indiindual. On the two occasions on which the resting rate 
of flow was measured, it was considerably lower than that encountered in any 
rn. cii. jQ 
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other subject: 0-28 and 0'36 c.c./min. jn contrast with a minim u m value of 
0-66 c.c./min. in any other. The subject is apparently quite normal and healthy, 
and unfortunately opportunity has been lacking for any further investigation 
which might throw light on this abnormality. ' 



Fig. 3. Sho-ning the lack of close relationship between the course of the decrease in 
eloretion (right ordinate) and increase in rate of urine flow (left ordinate) urui 
diuresis in two difierent subjects. 


T A-nr.e 1, Ck>mparisou of the response of different subjects to 660 c.c. wate 


Subject 

Total urine out- 
put in hr. 
c.c. 

Reduction in 
total chloride 
output % 

Subject 

Total urine out- 
put in hr. 

• c.c. 

D 

885 

10 

G 

075 

c 

795 

21 

Jl 

000 . 

L 

730 

16 

F 

630 

H 

705 

20 

B 

370 


Beduction to 
total chlonde 
output % 

42 

39 

60 ■ 
41 
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Chloride excretion in tea diuresis 

CompariEon of "water and tea dinreses in the same indi"nduals did not yield 
as innch information as had been anticipated. The tea "was not tolerated "well 
(the same brand as that used earlier could no longer be obtained), and in many 
cases the stomach emptied irregularly, or in part by "way of the oesophagus. 
Thus a comparison of total output of water in the two forms of diuresis was 
possible in only five subjects. In these, the tea diuresis was consistently 
greater than the water diuresis, on the average 35% ^eater. 



. Abnormal behavioor of chloride excretion during water diuresis in one individnaL 


The effect of the tea on chloride excretion was even greater. In spite of the 
fact that the chloride excretion should have been depressed by the volume of 
’^atei in which the tea was taken, it was in fact increased in all cases, even 
^heu the water output was depressed o"wing to nausea. The average change in 
^ate of chloride excretion for all subjects except J (in whom no normal resting 
chloride value could reasonably be assessed), expressed as a percentage of the 
normal resting value, was 150 % in tea diuresis and 70 % in water diuresis. The 
results plotted in Fig. 5 give some idea of the magnitude of the opposing 
actions of water and of tea on chloride excretion when the diuresis is uhinter- 
^pted. The resting value of 1-0-1-2 g. NaCl/hr. (the experiments were per- 
ormed at 1 week’s interval) rose to 1-8 g./hr. under the action of tea and fell 
® ri g./hr. under the action of water. 


10—2 
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other subject: 0‘28 and 0'36 c.c./min. jn contrast with a minimnm value of 
0-66 c.c./min. in any other. The subject is apparently quite normal and healthy, 
and unfortunately opportunit;^ has been lacking for any further investigation 
which might throw light on this abnormality. 



Fig. 3. Showing the lack of close relationship between the course of the decrease in chlori e 
exoretion (right ordinate) and increase in rate of nnne flow (left ordinate) during water 
diuresis in two different subjeots, ' 


Table 1. Comparison of the response of different subjects to 500 c.c. water 


Subject 

Total urme out- 
put in 2} hr. 
o.c. 

Beduction m 
total chloride 
output % 

D 

886 

10 

C 

795 

21 

L 

730 

10 

H 

705 

20 


Subject 

Total urine out- 
put in SJ- hr. 

• o.c. 

Beduction in 
total chloride 
output % 

G 

076 

42 

31 

600 . 

39 

F 

630 

60 

B 

370 

41 
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abnormal in showing practically no inhibition of mine flow. He retnrnedtin 
1942 for the purpose of this experiment and his cmve (E) in Eig. 6 closely 
resembles that obtained in 1941 ; in 1941, however, less inhibition was observed 
in the first ^ hr. after the exercise. The curves in Eig. 6 are arranged in order of 
increasing duration of inhibition. In the penultimate one (average of subjects 
G and E), the inhibition immediately following the exercise is separated from 
the later stage by a temporary return of dimesis. In the last cmve (D), 



0- The effect of Btrenuotis exercise on the course of a water diuresis in different individuals. 

Rate of urine flow (c.c./min.). • • Chloride excretion (mg. l^aCl/hr.). 

diuresis had shown no sign of returning by the end of the experiment. The 
possible and probable causes of this inhibition, and of the changes in output of 
chloride, will be considered in the discussion. 

In spite of the inhibition of urine flow following the exercise, no consistent 
relationship was observed between the total output of water with and without 
exercise over the period studied. Subject D, for example, who gave one of the 
smallest responses after exercise (330 c.c. in 21 hr.), showed the largest water 
dimesis (885 c.c./24 hr.) without exercise. In contrast with this result, three 
subjects (C, F and G) actually showed a larger totaloutput of water in the exercise 
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The actual course of the chloride excretion varied widely in different sub- 
jects, as. in the water-diuresis experiments, even when the stomach appeared 
to empty normally. The variation in urine output among the few successful 
experiments was, however, too small to permit any deductions to be made 
from a comparison of total water and total chloride output, as was done in the 
case of water diuresis (Table 1). 



Individual variation in the course of water diuresis following exercise 
In Fig. 6 is illustrated the wide range of individual response to ^ 

muntered during the water diuresis. K this occurred in the 
of 1941, it passed unnoticed, possibly owmg to the fact that sampb g. 
lued for only 60 min. after the exercise and that the water 
^vided small doses; one of the eight subjects used then was cons 





T 20 40 60 80 

£xeKU« tntn. 


T 20 40 60 80 

Exemic nuD. 


20 40 60 80 


Kg. 7. Comparison of the effect of strenuous exercise on the coimse of a water and a tea dinresis 
in three different subjects. Kate of urine flow (o.c./min.). • • Chloride ex- 

cretion (mg. KaClfhr.j. 


Table 3. The total output of chloride during tea diuresis and 
during water diuresis with exercise 



Total chloride 

e- 

output-in 2-6 hr. 
NaCl 

A 1 

Subject 

Tea diuresis 

■ -V 

, Water diuresis 

A 

2-27 

1-75 

B 

209 

0-5 

C 

2-88 

2-02 

D 

1-87 

1-0 

E 

1-87 

0-46 

F 

3-2 

• 1-33 

H 

3-7 

0-8 

J 

2-99 

0-7 

Average 

2-Gl 

1-07 
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experiment than in the uninterrupted water diuresis. Comparison of chloride 
excretion under the same two sets of conditions yields a similar negative result. 
The total ehloride output was reduced on the average to 70% of its normal 
value by the water diuresis, and to 62% of the normal value as the result of 
combined water diuresis and exercise, but owing to the wide individual varia- 
tion this small difference has no significance. 


Comparison of tea and water diureses {with exercise) 

Only eight successful experiments were made with tea diuresis, nausea or 
vomiting having occurred in the remaining three. In aU eight cases, the total 
output of urine in the 2| hr. following the drink was greater than in the water- 
diuresis experiments. These figures are shown in Table 2. The relative constancy 

Table 2. The relative magnitude of tea and of water diuresis 
with exercise in different individnals 


Urine output in 2*5 hr. 




o.c. 

Batio of tea/ 

Subject 

Tea diuresis 

Water diuresis 

water diuresis 

A 

826 

626 

■ 1-67 

B 

477 

326 

, 1-47 

C 

876 

838 

1-05 

D 

652 

330 

1-67 

E 

924 

472 

1-96 

E 

953 

■ 672 

1-41 

H 

966 

686 

1-65 

J 

660 

406 

1-62 



Average 

1-65 


of the ratio of the two suggests that the large variations observed in the to 
output of different individuals is not a haphazard effect, but due to some spec 
difference in their reaction to exercise and the diuretic combined. This impr^ 
is enhanced when individual curves of tea diuresis and of water diuresis a 
compared. Three different types of response are shown in Fig. 7, and the s^^ 
parallelism in response to the two diuretics was shown in the remainmg 
subjects. 'As in the water-diuresis experiments, there is little apparent ® 
to be seen in the tea diuresis between the output of chloride and the corns 
diuresis. The total chloride output is consistently higher than that fo owing 
a water diuresis, as can be seen from the figmes in Table 3. In the pre exerc 
period it increases markedly with the onset of diuresis (contrary to its belmvio 
in water diuresis), and is already raised above normal in the first sarnple ( ig- 
Thfffew comparisons available between experiments under tea diuresis, wi 
and without exercise, yield results similar to those obtained under wa 
diuresis. No regular relationship was found in any individual, either in regar 
to total output of water or of chloride. In two subjects, the urine oj^ut was 
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of urine flow wliicTi can be atftributed to release of anti-dinretic bormone. It is 
likely, tberefore, that this factor operates in any type of exercise, and was 
probably tbe only one concerned in tbe experiments of MacKeitb et al [1923] 
on man', tbey observed a temporary reduction in rate of nrine flow during a tea 
diuresis wbenevfer a wait gave place to a trot. In subject E no further explana- 
tion is required. In the remaining subjects, a further period of inhibition lasting 
from 20 to 60 min. precedes the return of diuresis, and in two (G and K) this 
prolonged period is separated from the initial period of inhibition by a short- 
lived return of diuresis. 

It is unlikely that delayed absorption can account for this large individual 
variation. True, there is flttle accurate evidence as to the rate of absorption of 
water in man. In dogs weighing 10 kg., Klisiecld, Pickford, Rothschild & 
Temey [1932] found 250 c.c. absorbed, in 35 min. on the average. Erom less 
direct measurements in man. Smirk [1933] concluded that absorption was 
complete (1000 c.c. in 27-55 min., and 500 c.c. in 22 min.) before maxicaum 
diuresis was attained. In our experiments, not, less than 30 min. elapsed 
between the drink and the exercise, and in one or two cases where full diuresis 
had not set in by this time, the exercise was delayed a further 10-15 min. 

The only factor peculiar to the particular type of exercise employed in these ' 
experiments (short and strenuous), apart feom the temporary vasoconstriction, 
is the undoubted concentration of the blood which follows. Gregersen, Dill & 
lleade [impublished experiment quoted by Gregersen, 1938] demonstrated a 
12-16% concentration of the blood (haemoglobin, plSSma dye, and plasma pro- 
teins) as a result of 90 sec. intensive running, and computed that 500 c.c. water 
had left the blood stream in the next 90 sec. The status quo was restored fully 
only 1 hr. later. Chloride does not pass readily into muscle fibres, and it is 
likely that plasma chloride is concentrated to the same degree as other consti- 
tuents in these circumstances. This concentration of electrolytes wiH lead to an 
active secyetion of anti-diuretic substance. It seems not improbable that the 
degree of plasma concentration and its duration might well vary in different 
subjects, with consequent variation in the secretion of anti-diuretic hormone, 
both in amount and duration, sufficient to account for the variable prolonged 
inhibition of diuresis observed in our experiments. In addition, the possibihty 
remains that the ‘pituitary mechanism’ is more readily stimulated in some 
indinduals than in others, a possibility suggested by previous work on a com- 
parison of water and alcohol diureses [Eggleton, 19426]. The relative constancy 
of the duration of this inhibition in any one subject under tea and water 
dmreses (Pig. 7) would support equally either hypothesis. Tiewing the evi- 
dence as a whole, it seems justifiable to conclude that tbe most likely cause of 
the prolonged inhibition of urine flow following tbe exercise is secretion of the 
anti-diuretic hormone. 

To what extent the changes in chloride excretion may also be explained on 
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Discussion 

It must be admitted that the original point of the research — the effect 6f 
exercise on chloride excretion — ^has not been fully cleared, owing to the opposing 
actions of the diuretics used. A comparison of the course of chloride excretion 
■with and "wnthout exercise, howe'ver, indicates the probability that changes 
occurring in the 40-50 min, after exercise are the only ones which have anj 
significance in relation to the exercise in the majority of subjects. The iuunediate 
decrease may be attributed, as also the decrease in ■water output, to a tem- 
porary ■vasoconstriction. This is indicated by the sharp decrease in creatinine 
excretion observed during the first 16 min. after the exercise in both class 
experiments, and is seen only after ■very strenuous exercise. /In the experi- 
ments of Wilson, Long, Thompson & Thurlow [1926] on man, for example, 
rather less se'vere exercise (1-2 min. stair-running) during a water diuresis 
resulted' in a prolonged inhibition of chloride excretion (4l)-60 min.) and of 
urine flow (60-90 min.), but had no effect on creatinine excretion. 

The continued decrease of chloride excretion in the next period, observed 
under both tea and water diureses, coincides ■with, and may possibly be related 
to, the peak excretion of acid products of muscular acti'vity. The factors con- 
trolling electrolyte excretion are still obscure, but there seems little doubt that 
if any one is greatly increased, others are diminished. Both increased sulphate 
and increased bicarbonate depress chloride excretion [Homer Smith, 1937] and 
the lactate ion may well have the same effect. 

During the follcnfing hour, chloride excretion gradually rises again, there 
being no close correlation with increase in water output, and subsequently falls 
in the majority of subjects. These changes are much greater under tea diuresis 
than under water diuresis. The major part of the rise can be attributed to the 
reassertion of the caffeine effect and removal of the pre'vious inhibiting effects 
(vasoconstriction and excretion of acid ions). The later fall is open to at least 
two interpretations: (a) a wearing off of the caffeine action, and/or (h) onset of 
the normal reduction accompanying the re-established diuresis. The latter 
explanation is favoured by the fact that it is most marked when a large diuresis 
has again set in, and by the similarity in the trend of the curve following water 
diuresis (see Pig. 6). When diuresis fails to reappear (Fig. 7b) this kink in the 
chloride- excretion curve is scarcely apparent irrespective of whether water or 
tea has been used as the diuretic agent. 

The causes of the varying degrees of inhibition of water output after exercise 
in different indi'viduals is again largely a matter of surrmse. The decreased out 
put during the first 16 min. may be attributed either entirely to vasoconstric- 
tion or in part also to a nervous interference with the pituitary mechanism. 
Eydin & Verney [1937] have shown clearly in dogs that mild exercise, or the 
anticipation thereof, during a water diuresis, produces a temporary inhibition 
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large bulk of water. It miglit well be suggested that tbe variation in response 
of different individuals was due merely to differences in tbeii response to tbe 
water, tbe course of cbloride excretion following ingestion of the tea being tbe 
resultant of increase due to tea extract and decrease due to tbe water. This 
simple explanation is, however, not substantiated by a detailed comparison 
of the course of cbloride excretion in tea and water dinreses in different indi- 
viduals. 

Tbe experiments as a whole throw some further bgbt on the problem of indi- 
vidual variation in response. It has been demonstrated previously [Eggleton, 
19426] that a large individual variation exists in the diuretic response to water, 
and it was expected that these individual variations would persist when the 
effect of exercise was superimposed. This, however, was not observed. Subject 
D, for example, who showed the largest diuretic response to water alone, gave 
one of the smallest responses to water with exercise. Variations in response 
to exercise are presumably masking variations in response to the diuretic. 
Experiments on tea diuresis fully confirm this conclusion. Individual varia- 
tions have been shown to occur in response to tea, which are correlated with 
those in response to water, the average diuretic response to the former being 
l-3o times that to the latter. As in the case of water diuresis, however, indi- 
vidual variation in response to exercise overrides that in response to tea. 
IVhen exercise is superimposed on both diureses, the correlation between the 
response to water and the response to tea is once more apparent, and, in any 
one subject, the effect of the exercise is the same whether diuresis is produced 
by tea or by water (Table 2). 

SUJDIABT 

1. A short period of severe exercise superimposed on a tea diuresis results, 
as in a water diuresis, in an increased excretion of phosphate, titratable acidity 
and ammonia, and a fall in pH. A temporary decrease in output of creatinine, 
total nitrogen and chloride als6 occurs under both sets of conditions 

ffig- 1). 

2. The more permanent decrease in total nitrogen, chloride and water output 
following exercise during water diuresis is not observed during tea diuresis. 

3. A more accurate comparison of the effects of exercise on the output of 
u-ater and chloride during the two types of diuresis, made on the same indi- 
viduals, gave the following results: 

(o) A large indiridaal variation occurred in the duration of inhibition of 
vater diuresis as the result of such exercise (Fig. 6). 

(6) This variation was not haphazard; the same duration of inhibition was 
obseived also under tea diuresis in the same individual (Fig. 7). 

(c) The total output of water also varied widely in different individuals, 
hat foUowng tea diuresis was always greater and bore a fairly regular relation 
10 that followino- center diuresis (1-55 times as great) (Table 2). 
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tliis basis is a more open question. If lack of anti-diuretic bormone is re- 
sponsible for the decrease in chloride excretion observed in a water diuresis, 
■ the temporary increase in excretion of this ion during the prolonged udubition 
of urine flow following the exercise might be attributed to reappearance of the 
hormone in circulation. The lack of any close correlation between the increased 
water output and decreased chloride excretion, however, either in an unmter- 
rupted water diuresis (Fig. 3) or following exercise (Fig. 6), does not lend much 
support to this view. Nor have other workers succeeded in demonstrating any 
increase in chloride excretion as a result of injected pituitrin unless massive 
doses of the hormone are used [Stehle, 1926; Corey & Britton, 1941]. AYithout 
further evidence, no certain conclusion as to the mechanism responsible for the 


suppression of chloride excretion during a water diuresis can be drawn. 

The inverse relationship between magnitude of water diuresis and of decrease 
in chloride excretion suggested by the results presented in Table 1 does not 
necessarily lend support to either view. There is a considerable body of evidence 
in favour of the generally accepted belief that chloride excretion is increased 
with increased rate of urine flow owing to the faster passage of fluid through the 

tubules with consequent reduced opportunity for chloride reabsorption, w c 

results presented here, there are several hints that this factor is in opemtionm 
water diuresis, in opposition to the specific chloride-inhibiting action a so 
present. In the curve of the average results (Fig. 2), for example, the 
in chloride excretion in the earlier stages of the diuresis is temporarily-chec 'C 
with the first sharp rise in rate of urine flow, and in subject L (Fig^ 3) t 
effect is very marked: similar results were obtained by Priestley [1921]. 
inverse relationship suggested in Table 1 could be explained on this basis, 
lack of any closer relationship being attributable to the varying, stren^ ^ 
the opposing chloride-inhibiting factor in different individuals. In subjec 
(Fig. 4) one must assume a complete absence of this latter factor. 

In the tea-diuresis experiments, these changes accompanying a water diur^ 
are masked by the opposing action of the tea extract in increasing ch o 
excretion. In total effect this action more than counteracts the inhibi y 
effect of the water on chloride output, so that the pint of tea causes a tote ^ 

put of chloride well above the normal for any individual. We have obtaine 
clear-cut evidence as to whether this increased chloride excretion is due t 
increased glomerular filtration rate or to a specific action on chloride outp 
though the lack of correlation between height of diuresis and magnitu 
increase in chloride excretion (Figs. 5, 7) might be accepted in support o 
latter hypothesis. This conclusion would be imaffected by acceptance ° 
more recent views of the action of caffeine [Goodman & Gilman, 1940 ]— t a } 
main diuretic action is due to inhibition of water reabsorption rather than m 
increased glomerular filtration. Admittedly, interpretation of the results oD- 
tained is compHcated by the fact that the tea extract was ad.mmstered m 
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MUSCULAR ACTIVITY' AND CHOLINE ESTERASE 

f 

By PHYLLIS G. CROFT axd D. RICHTER, From the Central Pathological 
Laboratory {L.G.C.) and Mill Hill Emergency Hospital, Londan, iY.TF. 7 

[Received 21 December 1942) 

It was leported recently that the serum choline esterase activity is raised by 
muscular exercise in man [Richter & Croft, 1942 o]. This observation suggested 
that the high choline esterase activities that have been found clinically in 
thyrotoxicosis and in acute emotional states [Tod & Jones, 1937 ; Richter & 
Lee, 1942 a, 6] might be due to the increased neuro-mnscular activity com- 
monly seen in these conditions. 

The investigation has now been pursued with a view to defining more clearly 
the relationship between the serum choline esterase and muscular activity. 
The source of the additional choline esterase which appears in the serum during 
muscular effort has also been investigated. 

Methods 

In the majority of experiments the authors served as subjects, but we are 
particularly indebted to Dr M, S. Jones and Dr R. Scarisbrick for giving ns 
specimens of blood from a number of ‘effort syndrome’ patients and controls 
before and after exercise. The study of patients with ‘effort syndrome’ ap- 
peared relevant to the present investigation since in this condition the normal 
physiological responses to muscular effort (tachycardia, breathlessness, sweat- . 
ing and fatigue) are generally exaggerated; but the patients showed no essential 
difference from the controls as far as the choline esterase changes were con- 
cerned and the experiments on them entirely confirmed the experiments on 
normal inditiduals. Apart from the effort syndrome patients, aU the experi- 
mental subjects were believed to be normal. 

Venous blood specimens were taken from the cubital veins. Capillary blood 
specimens of l-5^-0 c.c. were obtained by expressing the blood from an in- 
cision made above the finger naiL Care was taken to avoid venous stasis while 
taking the blood. 

Choline esterase estimation. Esterase activities were estimated by the mano- 
metric method with a Warburg apparatus under similar conditions to those 
described by Richter & Croft [1942 h]. In carrying out the estimation 0-5 c.c. of 
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(d) Chloride excretion was greatly diminished for 35 min. after the exercise 
in both types of diuresis. The subsequent rise was much greater in the tra 
diuresis but fell again as water ouhput increased. The total chloride outpnt in 
water-diuiesis experiments was onl^ 40 % of that in the tea-diuresis experi- 
ments (Table 3). 

4. Control-diuresis experiments without exercise showed: 

(a) A decrease in chloride output during water diuresis (Tig. 2), averaging 
30 %. The course of this change was not closely related to the increase in outpnt 
of water (Fig. 3), and in absolute magnitude varied roughly inversely with the 
degree of diuresis (Table 1). 

{b) An increase in chloride output during tea diuresis (Fig. 6), averaging 60 

6. It is suggested that the inhibition of diuresis immediately following the 
exercise is due to vasoconstriction and nervous interference with the pituitary 
mechanism, and that the more variable and prolonged’mhibition may hfi 
to secretion of anti-diuretic hormone resulting from the concentration of b o 
resultant on the exercise. 

Appendix ' 


Subject 

Sei 

Body wt. 
kg- 

Subject 

Sex 

Body wt. 
kg- 

A 

$ 

68 

G 

(? 

66 

B 

t? 

7L6 

H 

s 

68-6 

C 

. <? 

61 

J 

? 

63 

D 


1 69 

K 

2 

65-5 

E 

(J 

67-6 

L 

2 

61 

F 

(? 

73-6 

M ^ 

6 

76 


All Bubjects wore between 19 and 21 years 

of age. 
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Table 1. Serum choline esterase changes -with exercise 

The Buhjects "were all adult males 60-80 kg. in -vreight. Subjects P. 1, P. 2, P. 4 Md P. 8 ^^re 
effort syndrome patients. The ‘press-ups’ in Exp. 3 and Fig. 1 consisted of raising the body from 
the prone position by extending the arms. The bicycle ergometer svas pedalled at a constaiifr rate 
Tith a load adjusted so that the vrork performed ■was 6000-8000 ft. Ib./min. (830-1 100 kg.m./^.). 
Tenons blood specimens svere taken from the arm in the ergometer experiments: capillary blood 
rras taken in the other experiments. The patients "were taken from the Effort Syndrome Unit^at 
ilill Hill Emergency Hospitel and they uere diagnosed by Dr JL S. Jones. In the experiments mth 
patients oxalated plasma used instead of Bernm. 




Duration 

Total work 

Serum choline esterase 


Subject 

Exercise 

min. 

kg.ro. 

pE./c.c./hr. 


D.E. 

Baising 4 kg. irt. with 

10 

1,120 

(a) Besting 

252 


right arm 20 times 



(6) After exercise 

320 


per min. 



(c) 10 min. after exercise 

282 





(d) 15 min. after exercise 

254 

W.D. 

Baising 4 kg. wt. with 

2 

167 

(a) Besting 

205 


right arm 20 times 



(6) After exercise 

212 


per min. 



(c) 20 min. after exercise 

205 

D.E. 

30 ‘press-ups’ 

5 

6,760 

(a) Besting 

273 


- 



^ (6) After exercise 

306 





(c) 18 min. after exercise 

268 

P.l 

Bicycle ergometer 

4 

3,880 

(d\ 'Besting 

120 





(6) After exercise 

162 





(c) 20 min. after exercise 

126 

P.2 

Bicycle ergometer 

5 

4,850 

(a) Besting 

79 





(6) After exercise 

100 

P.4 

Bicycle ergometer 

25 

24,250 

(o) Besting 

90 





(5) After exercise 

106 

P.S 

Bicycle ergometer 

6 

4,850 

(o) Besting 

108 





(i) After exercise 

183 





(c) 10 min. after exercise 

168 


a simultaneous fall in tlie choline esterase activity of the corpuscles (Table 2). 
Turther, assuming the haematocrit to lie vrithin normal limits, the fall in cor- 
puscle esterase activity corresponded approximately in amount to the rise in 
the serum. This indicated that the extra choline esterase appearing in the 
serum as a result of muscular exercise most probably had come from the red 
blood corpuscles. 

The results are not due to a partial haemolysis since haemolysis vrould not 
lead to a lovrering of the concentration of choline esterase (p.E./c.c./hr.) in the 
remaining red blood corpuscles. In any case the sera showed no trace of 
baemoglobin when carefully examined by eye, while haemolysis of less than 
0'2% of the red blood corpuscles could have been readily detected. 

It was noticeable that in four of the subjects the loss of choline esterase from 
the red blood corpuscles continued in the 10 min. after the cessation of exercise. 

Specificity of the choline esterase appearing in the serum after exercise. Human 
femm contains a choline esterase which hydrolyses methyl butyrate and 
tnbuty-rin in addition to choline esters. The red blood corpuscles, on the other 
‘und, contain two esterases, (a) a choline esterase which is highly specific for 
Choline esters, and lh\ an ali-esterase which is not inhibited by eserine and which 
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a 2-5 % solution of acetylclioline chloride in 0-9 % NaCl was put in the Warburg 
cup. The serum (0'2 c.c.) was diluted immediately before use to 4 c.c. with a 
solution containing 0-03 M NaHCOg and 0T2 M NaCl which was kept ia a 
closed bottle in equilibrium with 6 % COj in oxygen. The diluted serum was 
put in the main part of the Warburg cup and mixed with the acetylcholine 
solution after equilibrating at 37°; in the experiments with red blood cor- 
puscles, the centrifuged corpuscles were taken up in a blood pipette and treated 
in exactly the same way as the sferum. The rate of liberation of CO 2 was ob- 
tained by plotting the manometer readings against time for the first 46 min. 
and drawing a line through the points. Estimations were frequently done m 
duplicate and the two values generally agreed to within 3 % with acetylcholine 
as substrate and 10 % with the aliphatic esters. In the experiments with eserine 
0-36 c.c. 1/10,000 eserine sulphate was added to 2-66 c.c. diluted serum and the 
mixture allowed to stand for 20 min. before adding the acetylcholine. The 
experiments with methyl butyrate and tributyrin were carried out in exactly 
the same matmer except that 0-1 c.c. of the pure substrate was put in the side 
tube in place of the acetylcholine solution : the total volume was kept the same. 
The accuracy was greater when the activities were high than when low activi- 
ties were obtained. 

Esterase activities are expressed as micro-equivalents (/^E.) of ester 
hydrolysed per c.c. of serum (or corpuscles) per hr. The activities were 
corrected for the spontaneous hydrolysis of acetylcholine which corresponded 

to 16'5/iE./c.c./hr. under these conditions: the spontaneous hydrolysis of methy 

butyrate and tributyrin was negligible. The choline esterase activities may be 
converted into the usual clinical units [Jones & Tod, 1936] by dividing by 
'The factor 2-36. 

Eesults 

Effect of muscular exercise on the serum choline esterase. Muscular exercise 
produced a significant rise in the serum choline esterase activity provided that 
the exercise was fairly vigorous and lasted not less than 6-10 min. The extent 
of the rise depended on the amount and nature of the exercise and differed m 
different subjects. Some typical figures are given in Tables 1 and 2 ^*^*^^*® 
Fig. 1. The change was statistically significant when examined by Fisher s 
test [1938]. In some experiments the serum choline esterase returned almost 
to normal again within 10 min., but in others it took considerably longer than 
this. That the rise in esterase activity was due to a choline esterase and not to 
some other esterase was shown by the complete inhibition by eserine (Table 
The rise was shown in citrated and oxalated plasma as well as in serum. 

Esterase changes in red blood corpuscles. The choline esterase in the red bloo 
corpuscles is generally much more active than that in the serum. When t e 
choline esterase activities were estimated in both serum and centrifuged bloo 
corpuscles, before and after exercise, the rise in the serum was accompanie y 
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the activity of thetlood corpuscles towards the aliphatic esters and also by (6) 
the appearance in the serum of an esterase .which was not inhibited by eserine. 
The choline esterase and the ali-esterase did not pass at exactly the same rates 
from the corpuscles into the serum and the two enzymes appeared to shift 
independently of each other. Exercise increased the rate of hydrolysis by the 
serum of methyl butyrate and of tributyrin, but this was accounted for by the 
ah-esterase. When the ali-esterase was taken into account, it was" clear that the 



100^*^ changes in blood daring exercise. .Subject D. R. (72 kg ) Weiehts Uh 

2o-30/min.: 100 Ips cLbed So S 


dure to obtain a significant esterase shift after exercise nf ^ ^ 
-'IPcWb. not taber i„c,»sed bp 




158 


P. (?. CROFT AND D. RICHTER \ 

Table 2. Esterase changes in plasma and corpuscles due to exercise on bicycle ergometer 

All blood specimens "svere- venous. Subjects P. 3, P. 6 and P. 6 were effort Byndrome patients. 
The subjects were all adult males 60-80 kg. in weight. The figures represent activities (pE./c.c,/hr.) 
with acetylcholine, methyl butyrate and tributyrin as substrates. The figures in brackets fepreient 
the activities obtained after the addition of 10“® eserine sulphate. The bicycle ergometer vu 
adjusted so that the work done was approximately 970 kg.m./min. during the first 10 min.; with 
subjects who were able to continue longer than this the work was then increased to approiiniatelj' 
1400 kg.m./min. 

Plasma Blood corpuscles 



Dura- 

- 


[lE./c.o./hi. 


^./c.c./hr. 



tion 


t 


' 

( 

Me. 

Ivi- 

Subject 

min. 


Ac.ch. 

Me.bnt. 

Tribnt. 

Ao.ch. 

but. 

bat. 

P.3 . 

3 

(a) Resting 

72 (0) 




294 (0) 

— 

— 



(6) After ex. 

91 (0) 

. — 



281 (0) 

— 

— 



(c) 10 min. after ex. 

96 (0) 

— 

— 

262 (0) 

— 

— 

P.6 

7 

(a) Resting 

192 



101 (0) 

356 

— 

72 



(6) After ex. 

204 

— 

113 (4) 

334 

— 

65 

DrR. 

12 

(a) Resting 

66 

26 

36 

355 

34 

60 



(6) After ex. 

81 

32 

46 

337 

36 

64 

' 


(c) 10 min. after ex. 

74 

26 

40 

334 

38 

61 

Dr J. 

13 

(a) Resting 

66 

31 

64 

365 

42 

68 



(J) After ex. 

107 

60 

80 

320 

31 

54 



(c) 13 min. after ex. 

96 

47 

71 

306 

38 

61 

L.C. 

8 

, (a) Resting 

62 

34 (1) 

— N 

376 

41 

— 



(b) After ex. 

80 

41 (8) 

— 

338 

38 




(c) 10 min. after ex. 

71 

36 (12) 

— 

340 

33 


H.B. 

12 

(o) Resting 

140 

67 (0) 



329 

.53 

— 



(6) After ex. 

166 

69 (4) 



316 

53 




(e) 10 min. after ex. 

146 

67 (9) 

— 

301 

34 


P.6 

8 

(a) Resting 

150 (0) 

61 (0) 



387 

42 




(b) After ex. 

176 (0) 

78 (12) 



322 

36 




(e) 6 min. after ex. 

160 (0) 

66 (6) 

— 

339 

40 



acts preferentially on simple aliphatic esters and glycerides, such as methyl 
butyrate and tributyrin [Eichter & Croft, 1942 6J. 

The serum and corpuscle choline esterase differ considerably in their speci- 
ficity in that only the former is active towards the ahphatic esters. It appeared 
that it should be possible to obtain fisher evidence as to the source of the 
additional choline esterase appearing in the serum during exercise by testing 
with methyl butyrate and tributyrin whether this additional enxyme is of the 
specific or of the unspecific variety. Any conclusions as to the specificity must 
be based on the comparison of relatively small differences between two or more 
estimations, and it was clear that experiments of this Jrind would be difficult 
since they must make very considerablcMiemands on the accuracy of the ex 
perimental technique : aU estimations were therefore carried out in duplicate or 
triplicate. The figures obtained with methyl butyrate and tributyrin are gi' 
in Table 2. 

In analysing tbe figures in Table 2 it should be noted that some of the ali- 
esterase as weU as the choline esterase passed from the red blood corpuscles 
into the serum during muscular exercise. This was shown by (a) the decrease m 
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tlie bodily leaction (neuro-mtisctilar) to the lowered temperature. Since the 
esterase shift was observed to occur normally in the same subject at other 
times, the non-appearance of the shift under these conditioim did not appear 
to conflict seriously with the main conclusions. 

Corpuscular fluid equilibrium and esterase shift. Some individuals show a 
transient increase in the mean corpuscular diameter immediately after exercise 
[Wiechmann & Schurmeyer, 1925; Price- Jones, 1933]. This effect has been 
attributed to the passage of fluid from the plasma into the corpuscles owing to 
the increased CO^ tension of the blood. Although the effect is small and 
apparently occurs only at exhaustion, it might account for an apparent lower- 
ing of the corpuscular esterase content that would be significant in the exercise 
experiments that have been described. 

Tbe passage of fluid from the plasma into the corpuscles would be shown 

(a) by a lowering of the haemoglobin concentration per 'unit volume of corpuscles, 

(b) by a change in the haematocrit, and possibly (c) by an increase in the total 
plasma protein concentration, if equilibrium with the tissue fluids was not 
attained. Experiments in which these three factors were measured (Table 3) 
confirmed the esterase shift but failed -to detect any significant change in the 
mean corpuscular volume. It was further observed that whereas the effect ob- 
served by IViechmann & Schurmeyer and Price- Jones was very transient and 
disappeared in 10 min. after the cessation of exercise, the loss of esterase from 
tbe red blood corpuscles always persisted for 10 or more min. (Table 2). It was 
concluded that changes in the fluid equilibrium could not account for the 
esterase shift that was observed in these experiments. 

The effect of factors other than exercise on the choline esterase activity ■ 

Tbe transfer of choline esterase from corpuscles to serum as a result of 
muscular exercise might be secondary to some biochemical change occurring 
m the blood at the same time. The following experiments on the subject D.E. 
were done to test this possibility, but no significant change in the serum choline 
esterase was observed. , 

Adrenaline (1 mg.) was injected and hr. later a second dose j;j3-5 mg.) was 
given. Ergotamine (1 mg. ‘Eemergin’) was taken by mouth. Histamine (1 m<T. 
of acid phosphate) was injected subcutaneously. The acid-base balance of the 
blood was changed by overbreathing (37-4 l./min. for JO min.), by under- 
bmathmg (3-8 l./min. for 10 min.) and by rebreathing from 5 1. of a mixture of 
COi in oxygen for 7 min. In the last experiment the pulse rate had risen 
to 98 and sweating, nausea, giddiness and tremor supervened. , 
Anoxaemia. Local anoxaemia produced by passing a ligature round the arm 
so ns to effect a temporary stoppage of the circulation, caused a sharp rise in 
the scram choline esterase. This was also observed by McArdle [1940] The rise 
of the same order of magnitude as that occurring in mnscnlar exercise, but 

11—2 
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was 24:. This experiment was done on a particnlarly cold day before the central 
heatiag of the laboratory had been turned on. It appeared likely that the 
failure of the serum choline esterase to rise with exercise was due to its being 
already abnormally high before the beginning of the experiment as a result of 


Table 3. Exercise experiments giving esterase changes with plasma or * 
serum protein and corpuscle haemoglobin concentrations i 

Haemoglobin estimations were dona by the Haldane method: protein by the biuret method. 
Exercise indicated by asterisk in Exp. 3 consisted of r unning J mil e in about 1 min. 


Time 

min. 

0 

0-6 

5 

6-13 

13 


(1) Subject D.K. 

Corpuscles 


Whole blood 




Plaama 

Plasma 


Hb. 


Haemato- 
orit %of 
, r.b.c. 

Time 

Work 

O.E. 

proteins 

O.E. 

mg./c.o. 

C.E. 

min. 

kg.m. 

;iE./o.c./hr. 

mg./lOOo.o. 

ftE./o.o./hr. 

cells 

^E./o.c./hr. 

0 



263 

7-9 

347 

337' 

141 

48 

1-10 

7820 



— 



— 

— 


13 

— . 1 

288 

8-0 

329 

334 

139 

60 

16-34 

Besting 

— 

— 

— 

— 

— , 

49 

34 


257 

8-0 346 

(2) Subject P. Q. C. 

334 

139 


Corpuscles 


Whole blood 





A 

\ 

/ 



Serum 

Serum 

Hb. 


Time 

Work 

O.E. 

proteins O.E. 

mg./o.o. 

O.E. 

min. 

kg.m. 

pE./o.o./hr. 

mg./lOOo.c. pE./o.o./hr. 


pE./o.c.j 

0 



121 

7-0 291 

202 

217 

7-16 

8200 

— 



— 

— 

17 


136 

7-0 276 

262 

217 

20-76 

Besting 

— 



— 

— 

75 

— 

110 

7-0 301 

262 

217 




(3) Subject D. B. 




Hb. 

:,/o.c. 


141 

138 





Sertun 

A 


Time 

Work 

O.E. 

Proteins 

Ali-esterase 

min. 

kg.m. 

/lE./o.o./hr. 

mg./lOO o.c. 

^./c.c./lir. 

0 



278 

7-8 

6 

8-13 

620 

— 

— 

— 

10 

— 

301 

8-0 

20 

18-28 

6580 

— 

— 

— 

30 

— 

299 

80 

21 

37-38 

« * 

— 

— 

— 

43 

— 

318 

8-3 

25 

46-108 

Resting 

— 

— 

— 

108 

— 

208 

80 

21 


Corpuscles 


;iB;/c.o’./hr. mg./o.o. celh 
341 


320 

320 

331 

348 


345 

350 

350 

345 

340 


(4) Subject patient 9 
Plasma 


Corpuscles 


Work 

kg.m. 

4850 

Besting 


O.E. 

pE./c.o./hr. 

162 

174 

166 


Proteins 
mg./lOO 0 . 0 . 

6-2 

• 00 
GO 


Ali-esterase 

fiE./cx.fbi. 


C.E. 

AE./c.o./lir. 

393 

370 

385 


2b „ 

mg./c.c. cells 

328 

328 

328 
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Site of the choline esterase shift during exercise 

It ^vas'not necessaiy to exercise the whole body in order to produce a large 
choline esterase shift; a maxiinal shift could be produced even when the 
exercise was limited to one arm (Table 1). This made it unlikely that the ob- 
served change in the blood choline esterase occurred locally in the exercised 
mascle, since only a small-fraction of the systemic blood could flow at any time 
through an exercised arm; the local change. in the blood traversing the arna 
would have to be very great to account for the .^considerable change observed 
in the whole systemic blood. A further, experiment to elucidate this point was 
carried out by exercising the muscles of one arm and comparing the choline 
esterase activity of the blood taken from the exercised arm with that of blood 
horn the other arm. The superficial circulation through the skin was reduced 
to a minimnm by imm ersing the hand in cold water. ’ Blood was taken from 
the median cubital vein while exercising the flexor and extensor muscles of the 
left forearm and hand by alternately clenching the fist and extending the 
fingers with sufficient vigour to produce rapid fatigue ; 

Serum c.E. Serum proteins Corouscle c.E. 

(lE./c.o./hr. mg./lOO o.c. pB./c.c./ti. 

Left arm 282 8-0 318 

' Right arm 270 7-5 318 

(Sabject: D.R. iluscles of left forearm and hand exercised for 2 min. before taking blood from 
the median cubital veins.) 

^0 significant difference was found in the choline, esterase activities of the 
serum or corpuscles of hlood taken from the two arms. The very slightly in- 
creased activity of the serum from the exercised arm may be attributed to the 
slight local concentration of the serum proteins due to oedema in the muscle 
ivhich is known to occur during vigorous exercise. 

It is concluded that the shift in the blood choHne esterases during muscular 
exercise does not occur locally in the muscle exercised; it may occur in some 
Visceral organ, or it may occur uniformly throughout the whole of the circu- ’ 
luting blood as a result of the chemical changes in the blood due to exercise. 

Effect of chemical factors on the blood choline 
esterase distribution in vitro 

In mew of the chemical changes in the lactate, potassium and other meta- 
bolites during exercise, the effect of a series of substances on the choline 
esterase distribution between the corpuscles and plasma was tested in vitro. 
The chemical substances were incubated at 37° with fresh oxalated whole 
blood and the choline esterase activities of the plasma and corpuscles were 
estimated (Table 6). 

hen sufficient neutral salt (NaCl, KCl or Na,S 04 ) was added to make the 
P asma strongly hypertonic there was an apparent change in the choline 
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thes effect differed from tliat occurring during exercise in that the esterase 
activity of the red blood corpuscles showed no change (Table 4). Tests svith 
aliphatic esters showed that there was also no shift in the ah-esterase, and the 
additional ehohne esterase found in the serrun was of the unspecific type. The 


Table 4. Effect of ertasis on eernm and corpuscle esterase activities 

Venous stasis for 10 min. was obtained with a sphygmomanometer cuff round the arm mflated 
to 100—120 mm. pressure. Venous blood was taken in Exp. 3 and capillary blood (after clamping 
the brachial artery) in Exps. 1 and 2. The figures represent activities (/lE./c.c./hr.) with acetyl- 
choline, methyl butyrate and tributyrin as substrates. The figures in brackets represent the 
activities obtained after the addition of 10“* eserine. 


Serum Bldod corpuscles 

fiE./c.o./hr. pB-fc-C'/hr- 


No. 

Subject 


Ao.oh. 

Me.but. 

Tribut. 

Ao.ch. Me.but. Tribut. 

1 

P.G.C. 

(a) Resting 

117 



— 

278 ' — — 



(6) After stasis 

141 

— 

— 

284 — , — 

2 

D.R. 

(a) Resting 

282 



— 

346 — ' — 



(6) After stasis 

396 

— 

— 

362 — - 

3 

D.R. 

(o) Resting 

252 (0) 

94(2) 

163 (0) 

370 45 

370, 60 -68 



(6) After stasis 

342 (0) 

130 (4) 

208 (0) 


changes occurring during stasis were clearly different from those durmg exer- 
cise. It was noted that the ratio of blood corpuscles to serum was far greater 
than normal in the specimens collected during stasis. This suggested that tk 
rise in sepum choline esterase during stasis might be explained by the mcreas 
passage of fluid through the capillary waUs. 

Estimations of the serum proteins confirmed an increased concentration as 
a result of circidatory stasis, sufficient in amount to'account for the observe 
rise in choline esterase activity. The figures (Table 5) contrasted with s ar 


Table 6. Comparison of the effects of exercise and of venous stasis on the 
serum choline esterase and total seru^ proteins 

Total serum proteins estimated by the biuret method [Harrison, 1937]. Capillary lasnia 
stasis experiments: venous blood in the exercise experiments. In Exps. 3 and 4 ox st p 


was used instead of serum. 


No. 

Subject 


1 

P.G.C. 

(o) Resting- 
(6) After stasis 

2 

D.R. 

(o) Resting 
(6) After stasis 

3 

P.8 

(o) Resting 
(6) After exercise 

4 

P. 6 

(a) Resting 
(5) After exercise 


Choline 

esterase 

Increase 

/lE./c.o./hr. 

% 

117 

0 

141 

20 

282 

0 

396 

40 

168 

0 

183 

9 

150 

0 

176 

17 


Total serum 
pro terns 

Increase 

mg./lOO c.o. 

% 

7-6 

0 

8-7 

22 

7-7 

0 

10 0 

30 

7-1 

0 

7-2 

1 

0-4 

0 

64 

0 


estimations made on sera taken before and after exercise, in which there yas 
a rise in choline. esterase activity without any corresponding increase m tae 
total serum protein concentration. 
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cell membrane miglit free tlie enzyme from tbe sniface and produce an arti- 
ficial esterase shiffc. It u-as fomd in preliminary experiments that baemolysis ^ 
of human erythrocytes suspended in serum became evident m^about 3 hr. m 
the presence of 1/10,000 lysolecithin ah 37° C. Incubation of the corpuscles 
under these conditions for 1|^ hr., uhicli should be sufficient to damage the cell 
membranes vrithout actually habmolysing them, produued no significant 


esterase shift. 


Serum 


Corpusdes 


Incubated alone With lysolecithin Incubated alone With lysolecithin 


(1) 182 173 303 

(2) 176 183 - 261 


302 

266 


It appeared likely that the esterase shift vas produced in vivo by the 
mediation of some chemical substance; but normal human erythrocytes gave 
no change in esterase activity vhen incubated in vitro vrith serum taken from 
a subject immediately after exercise. 

CorpuBcles 


Serum (from exercised subject) 

f ^ , 

Incubated alone With corpuscles 


With Eemm from 
Incubated alone exercised subject 


297 297 315 329 


Incubation of the cells alone vith serum produced no etterase shift in periods 
np to 30 min. There vas also no return to normal in the esterase activities of 
sera and corpuscles collected after exercise on incubation for 2+ hr. 


Discussion 

Evidence has been obtained that during muscular exercise there is a shift in the 
choline esterase from the red blood corpuscles to the sprum. This occurs in man 
as a normal physiological process. The shift was observed to occur in a variety 
of different types of exercise wbicb were not necessarily very strenuous. The 
time taken for a significant change to occur was as little as 3 mim The decrease 
in the choline esterase content of the red blood corpuscles amounted in some 
experiments to 16 or 17%. The percentage rise in the serum choline esterase 
depended on the initial concentration and the haematocrit; but when the 
initial serum choline esterase activity was low the rise amounted in some 
experiments to an increase of 50 or 60%. In addition to the choline esterase 
shift there also occurred a similar shift in the eserine-resistant ali-esterase an 
enzyme which acts prefeientially on the simple aliphatic esters and glycerides. 

Vahlquist [1935] and Hall & Lucas [1937] reported that muscular exercise 
is ivithout effect oh the serum choline esterase. Croxatto, Hnidobro, Croxatto 
& Salvestrini [1939] reported a rise in the blbod choline esterase in cats under 
Dml anaesthesia on stimulating the motor nerves to a leg, but Trowbridee 
[1041] failed to verify this. ® 

The apparent discrepancy between our results and those of Vablquist, who 
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esterase activities of the plasma and corpuscles due to shrinkage of tie cells 
and corresponding dilution of the plasma, but no evidenc^e was obtained of any 
shift in the chohne esterase distribution with any of the chemical factors 
tested. 

Table 0. Effect of ohemioaf factors on choline esterases in oxalated whole blood 

Osalated whole blood was inoubated at 37“ for 20 min, with and without the additions. tViti 
glutathione the inonbatioh was for 40 min. During incubation with Na^SO, the corpuscle volnme 
decreased from 43 to 32 %. With CO, the gas was bubbled through for 10 min. The cholesterol ™ 
added in the form of a fine emulsion prepared by shaking a 20 % solution of cholesterol with a 
20 % aqueous solution of lecit hin and dialysing for 2 hr. against distilled water to remove o 

alcohol. • , 

Plasma , Corpusdes 

pB./c.c./hr. pE./c.o./hr. 

■With addition 

, 249 
377 

313 
306 
294 ' 

314 
303 
310 
264 
261 
258 

It was noted by pretious investigators [AUes & Hawes, 1940] and con&med 
in this laboratory that when the choline esterase activity of the red bloo cor 
puscles waS measured, the same residt was obtained ■whether the cells we 
pre^viously haemolysed or not. This suggested that the corpuscle esters 
might be mainly adsorbed or combined at the surface of the cells. 

It appeared possible that the choline esterase might stiU be mainly associa ^ 
■with the cell membranes after haemolysis, but experiments to test t ^ 
haemolysing ■with distilled water or ■with ether and carefully centrifuging 
the empty cell membranes showed that the whole of the enzynnc ac 
passed ■with the haemoglobin into the supernatant fluid and no choline este 
activity was shown by the cell membranes. 

Choline esterase (fiB./o.c./hr.) 



Cone. , — 


_A , ^ 

Alone 

Addition 

mg./c.c. 

Alone 

With addition 

NaH,PO, 

NajSO, 

6 

100 

102 

256 

20 

137 

' 116 

316 

NaCl 

16 

100 

71 

260 

Ka 

20 

100 

81 

266 

CO, 

Sat. 

106 

192 

303 

Choline Cl 

6 

137 

142 

316 

Na lactate 

2 

137 

140 

316 

Na ascorbate 

6 

137 

140 

316' 

Glutathione 

10 

119 

121 

270 

Lecithin 

6 • 

176 

182 

261 

Lecithin and 
cholesterol 

6 

170 

182 

261 


Skins 

0 

0 


Supernatant 

solution 

301 

214 


JVhole cells 

Haemolysis by distilled water 340 

Haemolysis by ether 233 

The absence of enxymic actiidty in the cell membranes did not disprove t 
view that the enzyme is normally adsorbed in part on the surface, smce 
membranes are manifestly damaged in the process of haemolysis. 

LysoleoitUn. K the choline esterase is mainly adsorbed on the ceU surface, 
it Speared that an agent such as lysolecithin which progressively damages th 
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It is hard to believe that a protein such as the corpuscle' choline esterase is 
able to pass urith anv degree of ease through the cell vralls : it therefore appeared 
probable that the enzvme is mainly adsorbed or combined at the cell surface, 
froiQ irhich it is partiallv released during exercise. Hoivever. the ‘empty cell 
membranes which were obtained after haemolysis showed no choline esterase 
activity. 

The apparent changes in choline esterase activity of the serum and cor- 
puscles during muscular exercise might be attributed to a diffusible coenzyme 
or to an inhibitor passing in the reverse direction from the serum into the cells. 
While these must be considered as formal possibilities, there is no, evidence of 
the existence of anv such inhibitor or coenzyme and it is unlikely that a factor 
of this kind would affect the eserine-resistant ali-esterase in precisely the same 
way. A shift in the choline esterase is therefore the simpler interpretation of the 
results. 

The changes in the serum and corpuscle choline esterase during exercise are 
too large to be accounted for as a haemoconcentration effect, and similarly they 
would appear to be too large to be related to the sudden discharge during 
exercise of ‘non-circulating’ blood ftom the spleen. Adrenaline, which also 
causes contraction of the spleen, was without effect. 

-Assuming that our interpretation of the results is correct and that there is a 
shift of choline esterase and ali-esterase from the corpuscles to the serum, it 
would appear probable that this change is effected by some chemical meta- 
bolite released during exercise which elutes the enzymes adsorbed or combined 
at the surface of the corpuscles so that they pass into the plasma. 

Phynological signijicance of serum choline esterase. Previous investigators 
have assigned to the serum choline esterase an important function in destroving 
acetylcholine entering the blood from the tissues and in so controlling the state 
of autonomic balance [Stedman k Russell. 1937; Antopol, Tuchman & Schifrin, 
1937; Tod k .Jones, 1937]. Schutz has attempted to relate the serum choline 
esterase activity to the state of activity of the central nervous system [1941], 
-igainst these views it should be pointed out that the choline esterase 
activity of the serum is usually much lower than that of the blood corpuscles 
or of the tissues, where most of the destruction of choline esters may be pre- 
suiupd to occur. It is therefore unlikely that the changes that have been ob- 
served in the serum choline esterase activity can be very significant in affecting 
the acetylcholine content of the blood. 

.V number of attempts have been made by previous investigators to make 
tise of the serum choline esterase activity as a clinical test and this work has 
added to our knowledge of its significance. 

High serum choline esterase activities have been observed (a) in acute 
'-motional states, (h) in thyrotoxicosis [Antopol ei ah 1937], and (c) in ‘post- 
concu^ional' states [Richter k Lee. 1942 6], whUe low activities have been 
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examined the serum of a man after ‘ an hour’s hard tennis-playing may be due 
to too long an interval being left between the exercise and the taking of tie 
blood sample ; the serum choline esterase may return to normal within 10-15 
min. after exercise and the peak in the rise might easily have been missed. This 
might apply also to the work of Hall & Lucas. The experiments of Croxatto ri 
al. are difdcult to interpret since whole blood was used without stating the 
haematocrit ; the chohne esterase concentration is different in the serum and 
corpuscles and it is not clear which was concerned in the change observed. 

^ Source of additional choline esterase. The additional chojine esterase found 
in our experiments in the serum after pxercise was shown to come from the red 
- blood corpuscles, since the corpuscles gave a simultaneous fall in choline 
esterase which was similar in amount to the increase in the serum. 

Further evidence of the source of the additional choline esterasein the serum 
after exercise was obtained by making use of the fact that the corpuscle choline 
esterase differs considerably fromi the serum chohne esterase in its specificity 
towards different substrates [Eichter & CSroft, 1942 6]. Experiments with 
methyl butyrate and tributyrin gave figures which agreed with expectations m 
showing that the additional choline esterase in the serum after exercise re- 
sembles the corpuscle chohne esterase rather than the normal serum choline 
esterase in its specificity. 

Mechanism of choline esterase shift. It appeared possible that the choline 
esterase shift during exercise might be due to the change in acid-base eqm- 
hbrium between the serum and corpuscles; but alteration of the acid-base 
, equihbrium by vigorous overbreathing, underbreathing or by rebreathing 6 /o 
CO 2 in oxygen produced no significant change in the chohne esterase. Expen 
ments with adrenaline and histamine showed again that the shift cannot be 
attributed to the hberation of these substances in the blood during exercise. 

Anoxaemia produced by passing a hgature round the arm so as to effect a 
temporary circulatory stasis caused a rise in the serum chohne esterase of the 
blood taken from the hgatured arm, but this effect was due to the local rise m 
the total serum proteins through oedema. It was different from the shift 
occurring during exercise, since there was no corresponding faU in the cor 


puscle chohne esterase activity and no shift in the ah-esterase. 

It is unlikely that the chohne esterase shift during exercise occurs locaOy in 
the active muscles since the blood taken from vigorously acting muscles showe 
no significant difference in chohne esterase from that taken from muscles that 


were inactive. . . 

Attempts to reproduce the chohne esterase shift in vitro by adding cheniica 
substances to oxalated whole blood at 37° gave negative results with lactic aci , 
sodium acid phosphate and a series of other metabolites which change m 
concentration during muscidar exercise. These experiments gave no clue as to 
the mechanism of the chohne esterase shift. 
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observed (d) in catatonic stupor [Tod & Jones, 1937], (e) in the extreme debility 
associated with advanced tuberculosis, carcinoma, anaemia and liver disease' 
[McAxdle, 1940], and (f) after administering narcotics [AMmark & Komenip, 
1939;.Scbutz, 1941]. It is evident that the conditions associated respectively 
with high and with low serum choline esterase activities in man are contrasted 
with respect to the prevading conditions of autonoihic and of nenro-muscnlar 
activity. A case might be made out for associating the serum choline esterase, 
activity with either of these two factors. In muscular exercise both autonomic 
and neuro-muscular activity again occur together and are associated vith a 
serum choline esterase rise. 

It is clear that further data must be obtained before the significance of the 
serum choline esterase activity can be' established ; but the results of the present 
investigation show that muscular activity is one of the factors that' must be 
taken into account in clinical work on' the serum choline esterase activity. 

Summary 

1. The serum choline esterase acti'vity is raised during muscular exercise 
in man. 

2. The choHne, esterase of the blood corpuscles falls during muscular exercise 
and this may account for the rise in the serum choline esterase. 

3. Some of the ali-esterase in the red blood corpuscles also patses into the 
serum during muscular exercise. 

4. The serum choline esterase acti'vity is not raised by the administratiou of 
adrenaline, ergotamine or histamine or by overbreathing, underbreathmg or 
rebreathing the expired air. 

5. The serum choKne esterase acti'vity is raised during circulatory stasis. 

6. Thejiscin serum chohne esterase during circulatory stasis is due to the 
increase in the concentration of the serum proteins : it is not related to the nse 
during muscular exercise. 

7. The mechanism of the choline esterase shift and the significance of t o 
serum choline esterase activity are discussed. 

The anthers thank Dr Feldberg for the gift of Jysoleoithin and for suggesting the 
with this substance. They thank Ur F. C. jSIacIntosh and Dr Janet Vaughan for vaiuaUe 
tions and Dr tV. S. Maclay for his interest. They are indebted to the Eookefelier Foundation 
supporting this research. 
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«tliat tvro strips of intestine conld be observed simnltaneonsly nnder identical 
:oiiditioiis. The aspirator bottles trere so placed that the hydrostatic pressure 
in. the Inmen of the gnt vas about 2 cm. vater. 

The intestine vras suspended at temperatures between 35 and 37 C. in 
rincose-free Tvrode saturated with oxygen. As shown by Teldberg & Solandt 
[1942], the reactions of the two mt^cnlar coats are affected very differently by 
the immersion in a glucose-free medium t whereas the spontaneous activity of 
both is much reduced or abolished, response to drugs is strongly inhibited in the 
longitudinal but hardlv diminished, and occasionally even enhanced, in the 
circular mnscle. The condition of ‘eshanstion* through lack of carbohydrate 
seemed, accordinuly. particularly suited for an investigation of the responses 
of the circular coat. 

KEStTLTS 

Potasmnn cHoride 

Powerful contraction of the circular coat is obtained, ae described by Feldberg 
-t Solandt [1942], by the addition to the glucose-free Tyrode of small quantities 
of muscarine. Yerv similar effects were seen in the present investigation with 

m.- 

Smaller doses (•2-5-60 mg. in 75 ml. bath) usually produce a rhythmical out- 
burst of activity (Fig. 1). whereas larger quautities (75-100 mg.) may cause 
a prolonged tonic contraction on which very small rhythmical movements 
are superimposed (Fig. 2). The figures also show how weak, in comparison 
vith the circular muscle's responses, are the reactions to of the longi- 
tudinal coat after exhaustion through lack of glucose. "Whereas 20p;g. of 
atropine are sufficient to prevent the action of muscarine on the circular coat, 
20, 40 and lOOpg. do not abolish, though they may slightly reduce, the con- 
tractions elicited by KCl. Fig. 1 illustrates the effect of two consecutive 
doses of 60 mg. KCT. the first one is on the untreated preparation, the second 
0 min. after 40fig, atropine. The effect on the circular coat is unchanged, 
that on the longitudinal coat even enhanced. A further dose of KCl was given 
S4 min. later,^ following lOOpg. atropine, and there was stiH a powerful respoitse 
of the circular muscle. 

f^icotine was found to be equally incapable of abolishing the effect of KCl 
although doses were employed which paralysed the circular mnscle to further 
additions of nicotine. Successive additions of four doses of 2 mg. nicotine 
acid tartrate, for instance, had rendered the strip entirely insensitive to the 
third and fourth dose of nicotine, whereas a large response followed the 
addition to the bath of 40 mg. KCl. 

The persistence of the potassium chloride effects in the presence of paralvsing 
do=es of nicotine strongly suggests that their action is on the muscle itselfi 
Tlic quantities of KCT necessar>* to elicit a response are not sufficiently large 
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THE SITE OF ACTION OF SOME DRUGS, CAUSING 
STIMULATION OF THE CIRCULAR COAT 
OF THE RABBIT’S INTESTINE 

By mar , t he VOGT, From the Pharmacological Laboratory of the 
College of the Pharmaceutical Society 

[Received 28 December 1942) 

Observations on suprarenalectomized rabbits bad shown that abnormal 
responses to certain drugs were sometimes exhibited by the circular coat of 
the small intestine. Fpr a correct analysis of the results, however, too little 
was known of the circular muscle’s normal behaviour. Experiments on 
pharmacology of the circular coat were, therefore, carried out in the norma 
rabbit, and the results are presented in this paper. 

Methods 

The rabbits were killed by a blow on the neck, the jejunum excised and ini^ 
mersed immediately in glucose-free Tyrode’s solution. Two lengths 0 gu 
measuring 6-6 cm. were suspended in a double organ bath for observation, 
and the remaining piece of intestine kept at room temperature for peno s up 
to 5 hr. to supply more strips if required. It was found that the res 0 ^ 
different strips were only insignificantly changed by keeping the intestine 
room temperature for a few hours, whereas they were strongly mo e 
cooling it down in the refrigerator for the same length of time. The gut w > 
therefore, only placed in the ice chest if the object of the experiment 
observation of the changes produced by cold. , ^ 

In all experiments, simultaneous record was made of the movemente 0 
longitudinal and the circular coat by means of the method devised by ® 
lenburg [1917]. In this technique, the activity of the circular coat is measure^ 
by changes in intestinal volume. One end of the strip of gut is tied 
piece of glass tubing connected to an aspirator bottle partly filled with ^ 

solution and leading to a volume recorder. The other end is ligated and attac 
to the lever recording the activity of the longitudinal coat. The volume recor 
registers movements of fluid in the bottle produced by circular muscle actm y, 
it consisted of either a piston recorder or a small j&ogh chamber. ® 
about the interpretation of the records can be found in the paper y e 
& Solandt [1942]. The organ tank contained 2 baths of equal volume ( ■ - 

levers for the longitudinal muscle and volume recorders were also dupl.catea. 
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superimposed on a stiong tonic contraction. In the interval between tracings 
a and 6. 20^g. of atropine followed by lO/ig.' of 'eserine were.given; the eaerme 
had no effect. (This dose of eserine, in the absence of atropine, invariably 
caused stimulation of the circular coat." Examples of the action are ^ven in 
Figs. I and 5 of the paper by Eeldberg & Solandt [1943].) The eserine was 



^ 1 

Rg. 3. i. V. 42. Male rabbit, 1"7 kg. Stripa of je)Trmn» kept for 34 hr. in Tyrodft at room tem- 
perature, tken suapended in warm, oxygenated, glucose-free Tyrode. Pendulum movements 
have nearly subsided 30 min. later, when a first dose ol^ 160 mg. NaCl is given. Record 
starts 7 min. later. Intestinal volume recorded with Krogh chamber. Calibration in ml. 
Time; 30 sec. Volumeof bath: 75ml. Tracinga: iS, 160 mg. NaCI; TT, strip washed. Interval 
of 23 min., during which a first dose of 20/xg. atropine sulphate followed by lOpg. eserine 
sulphate is given. The action of the eserine is prevented -by the atropine. Tracing h: A, second 
dose of 20fig. atropine sulphate; S, 160 mg, NaCl; N, 2 mg. nicotine add tartrate. 

washed out and another dose of 20fig,. atropine added at A (tracing h). 
This was followed by 160 mg. NaCl {S), and it is obvious that the effect was 
m no way diminished. At N, 2 mg. of nicotine were added to thd bath. They 
caused an evanescent outburst of activity. Four minutes later a dose of NaCl 
was completely ineffective. 

Inhibition of the sodium chloride stimulation was, however, also caused by 
Inrgor amounts of atropine. Thus 40/zg. atropine, for instance, nearly abolished 
the response in a strip of intestine which had reacted vigorously to the salt 
efter treatment with 20/xg. atropine. 
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to explain the effect as being caused merely by^creased tonicity of the organ 
bath, since stimulation by hypertonicity could only be expected with doses 



At the arrows, 40/ig. atropine sulphate are added to the bath. 

Fig. 2. Same rabbit as that of Fig. 1. Kece of jejunum, 4 cm. long, suspended for 
warm, oxygenated, glucose-free Tyrode. Tracings and scale as in Fig. 1. 100 mg- 
added to the bath at the arrows, and washed away at the strokes. 

at least five times the size of those used in the experiments just described. The 
effect is evidently analogous to the stimulation observed by Brown [1937] on 
normal or denervated striated muscle. 


Sodium chloride 

The addition of sodium chloride to the intestinal strip suspended in glucose 
free Tyrode proved unexpectedly to have a potent stimulating effect on ® 
circular coat. The quantities used were such as to increase the tonicity ot 
bath by about 20 %. An example is given in Fig. 3. (The movements of t ® 
longitudinal coat are not reproduced as they were negligible.) TraciOo 
represents the effect of two doses of 160 mg. salt (one dose had already non 
given before the record started). After a latent period of about a minute, 
during which there was a slight rise in tone, rhythmic actim'ty develope 
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Sodium lactate 

Feldfeerg & Solandt [1942] have shovm tliat large doses of sodium lactate, 
tliousli they are not utilized as carbohydrate, stimulate the circular coat. The 
effect is most obvious m the preparation depleted of its energy stores by pro- 
longed activity in a glucose-free medium. The present experiments vrere 
carried out vith a vievr to finding out tvhich structures are affected by the 
lactate. 

The amounts of lactate required in order to obtain regular effects are so 
large that thev vrould increase the tonicity of the bath by 20 % ^ added to 
the ordinary Tyrode solution. As demonstrated in the last paragraph, an 
increase in tonicitv of that magmtude tvill usually in itself stimulate the 
chcniar coat. The lactate vas therefore given in a sodium chloride-free 
Tyrode. in vrhich equimolecular amounts of lactate replaced the hiaCl. In 
order to give a dose of 300 mg. lactate, for instance. 20 ml. of that Tyrode 
solution, in vrhich the chlorine ion was substituted by the lactate ion, were 
warmed and added to the partly emptied bath. An example is represented in 
Tig. 0 . The tracing is the record of the circular coat. At the first L. 300 mg. of 
lactate were added to the bath and caused a considerable rhythmic activity 
while the longitudinal muscle remained quiescent. The activity persisted for^ 
some time after the drug had been washed out (at IT); this after-effect is 
frequently observed, and is more clearly seen in the figure after the second and 
third dose than after the first one, as this was very soon followed by a dose of 
0 mg. nicotine acid tartrate (A'g). That this was not a paralysing dose is 
shown by the persistence of the activity in the circular muscle during the 
Ti min. following its application. The mcotine was then washed out, and a 
second dose of lactate added to the bath: the effect was somewhat larger than 
the previous one. Ten mg. of nicotine were then given, which succeeded in 
diminishing, though not in abolishing, the contractions of the circular muscle 
after an initial powerful stimulation. The nicotine was left in the bath and 
lactate was again given 61 min. later; a farther iucrease of the effect resulted. 
The gut was then frequently washed and, 11 min. later, treated with another 
10 mg. of nicotine. This time a short outburst of rhythmic contractions was 
followed by nearly complete paralysis of the circular coat. The nicotine was 
washed away and immediately followed by a fourth dose of sodium lactate 
There was no response whatever; in a state of nicotine paralvsis the strip had 
become insensitive to lactate. These results are reflected to a small extent iu 
the longitudinal muscle: no response was obtained from the first two do'ses 
of lactate, but a slight activity was seen to result from the third dose which 
caused a very strong response in the circular coat. After the fourth app'fication 
no response was seen in either coat. It may be mentioned that the of 
nicotbe required to produce paralysis were unusuaUy high in this preparation. 

12 
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^ence, stimulation by sodium chloride can be abolished by nicotine but is 
unaffected by atropine in doses which prevent the action. of eserine or mus- 
carine. This result was confirmed in other experiments. The- sensitivity of 
different intestinal strips, however, t6 the action of salt is rather variable, as 
also is the latent period between addition of the drug and response. Further- 
more, successive doses of NaCl do not always elicit sunilar responses, as in 
some preparation the effect gradually disappears. 

' The next question which arose was whether the stimulation by salt resulted 
from a specific effect of the sodium ion or whether it was merely a consequence 
of the hypertonicity of the solution surrounding the gut. The answer could 
easily be obtained by seeing whether solutions of inert substances of the same 



Fig. 4. 20. V. 42. Foor-months-old rabbit. Piece of intestine kept for 2 hr. 60 gjjrtj 

room temperature, then suspended in warm, oxygenated, glucose-free Tyrode. 

36 min. later, when the pendulum movements have almost ceased.- Record o ow 
with Krogh chamber. Scale in ml. Time: 30 sec. Volume of bath: 76 ml, -h, l-85g. 

TT, bath washed out; S, l'85g. sucrose. 


tonicity would produce similar effects. From experiments by Rona & Ng 
[ 1912] and Feldberg & Solandt [1942], it was known that disaccharides 
no effect on the longitudinal muscle. It was, therefore, likely that they co 


be used for our purpose. a so “/ 

The amount of disaccharide equivalent to 160 mg. NaCI is 1 8 g- , 
solution of lactose and a 90 % solution of sucrose were ^ 

required volumes added to the bath. Fig. 4 -illustrates the res - a 
latent period of about a minute, dxiring which any activity of the circu 
previously present ceases, there is an outburst of rhythmic contrac , 

similar to that showm in Fig. 3 to foUow the addition of NaCl. The lon^ d 
muscle (not reproduced here) was inhibited during the whole perio o ® 
with tht sugar solution. There is little doubt, therefore, that f 

observed when 160 mg. salt were added to the bath IS an effec o yp , 

The probable site of this stimulation wiU be discussed later. 
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Disccssiok 

Tie responses to ivpertonic solutions and to sodium lactate liave several 
features in common: they are riytlimic contractions, frequently foIloTred by 
a siort period of activity after tbe drug has been vrashed array; they are in- 
sensitive to doses of atropine vhich abolish the effects of parasympathomi- 
metic drugs; their actions are frequently enhanced by nicotine in moderate 
doses and are alrvays prevented by amounts of nicotine vhich paralyse the 
gut to the addition of further nicotine. In this context it is interesting to 
remember the observations by Bayliss So St arling [1899] on the s m a l l intestine 
of the dog. After splanchnotomy, stimulation of the vagi caused increased 
intestinal activitv, vrhich vas not abolished by doses up to 30 mg. atropine, 
but disappeared after injection of 3 mg. nicotine. The circular coat vas much 
more powerfuliv stimulated than the longitudinal muscle. The resemblance 
between vagal stimulation (in its preferential activity on the circular coat and 
in its sensitivity to drugs) and the effects of hypertonic solutions or sodium 
lactate is evident; the most likely' conclusion is that the site of action of salt 
and lactate is Auerbach’s plexus. K the action of these substances is on the 
nervous elements, the failure of some preparations to respond repeatedly to 
the same stimulns is not surprising, as fatigue or paralysis are readily elicited 
in nervous structures. 

There is au interesting quantitative difference in the sensitivity to atropine 
of the vagus stimulation iu the anaesthetized dog on the one hand, and 
application of the drugs in question to isolated pieces of intestine on the 
other; vagus stimulation remains effective even after excessive doses of 
atropine (30 mg.), whereas addition to the bath of two or three times the 
amount of atropine necessary to abolish the action of parasympathomimetic 
drugs will decrease or inhibit the action of salt or lactate. The failnre of atropine 
to prevent the effect of vagal stimulation has been explained by Dale &; 
Gaddum [1930] on the assumption of a close proximity of the site where the 
acetylcholine is liberated to the place where it causes stimulation. Eeaction 
between the atropine and the region of the muscle excited bv acetvlcboline is 
thus prevented. It would appear that in tbe isolated preparation suspended in 
au unphysiological medium (Tyrode), this protecting structure is damaged and 
atropine, provided it is given in sufficient quantities, will get access to and 
react with the acetylcholine sensitive ‘receptors’ in the tissue. 

The cooled ‘prepoTation 

In the dying tissue, nervous structures are known to succumb more rapidlv ' 
than the musculature. The fact that pendulum movements stiU occur iii'- 
rabbit's intestine kept for several days in the refrigerator has been used bv 
Gunn A UnderbUl [19U] as an argument for their muscnlar origin. It seemed 

12—2 



176 


m. VUGT 

' the eS" as it had’ou 

which abolished the resDonse i T^^^entj fig. of atropine sulphate, 

atropine, however, dinLshedT^Sre h'^^K 

are has^to be taken in carrying out these 
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porature, the Jejunum kept for 4 hr. in Tyrode at room tern- 

iater Moremente of • oxygenated, glucose-free Tyrode. Tracing starts 40 min- 

SO^ec. S^r/wh CalibraZrinmL Time: 

6 >vg., 10 mg. nicotine’ acid ^rt^te.”” “ ’ 


^ "fT Siye a series of approximately 

nLth P 0 lactete. In some preparations the effect wears off rapidly 
th • ° f drugs can, therefore, not be investigated. Moreover, 

the size of the initial response is very variable in different a^mals. 
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not affected by amounts of atropine wbicb prevent tbe action of muscarine 
or eserine. Large doses of atropine, bowever, inhibit tbe effect. Similar re- 
sponses of tbe circular coat are obtained, if Jiypertonicity of tbe batb is 
produced by tbe addition of lactose or of sucrose. 

4. Sodium lactate, if appbed to tbe intestine in sucb a vay that it replaces 
part of tbe sodium cbloride and therefore does not change tbe tonicity of tbe 
batb, stimulates tbe circular coat in a manner vrhicb resembles that of hyper- 
tonic solutions. Suitable doses are 309-450 mg. in 75 ml. Tbe effect is abolished 
in the paralytic stage of nicotine poisoning but may be enhanced vrben paralysis 
has not yet been achieved. Tbe effect is only abolished by atropine if tbe dose 
employed is several times that needed for tbe abobtion of parasympatbomi- 
metic effects. 

5. In tbe intestine undergoing slow disintegration at temperatures of 1° C., 
the response to a number of drugs was tested and seen to disappear in tbe 
following order; 

Sodinm lactate (300-450 mg.), 

Sodium cbloride (160 mg.) and eserine sulphate (10 fig.), 

, hTicotine acid tartrate (0-3-1-0 mg.), 

Ificotine acid tartrate (2 mg.). 

Muscarine (0-5-1 ml. solution 1:500) and potassium cbloride (100 mg.). 

6. The bearing of these results on the view that tbe mode of action of 
hypertonic solutions and of lactate is to stimulate Auerbach’s plexus is 
discussed. 
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^ order to try and confirm tiie view that the effects of hypertonic 
a Cl Or of lactate are due to stimulation of nervous elements, to compare the 
rate of disappearance of these responses with that of drugs 0 / known site of 
action in the preparation which was slowly dying in the refrigerator at about 
1 C. The efli’ects were compared of 

300-460 mg. sodium lactate, , 0'3-2 mg. nicotine acid tartrate, 

160 mg. sodium chloride, 0-6-1 ml. muscarine^ 1:600, 

10p,g. eserine sulphate, 100 mg. potassium chloride. 

The efifect of lactate was the first to disappear; it was always absent if the 
intestine had been kept in the ice chest for 24—27 hr. Eserine and sodium 
chloride were the next to be abolished; they were usually present after 28, 
but always absent after 48 hr. At this latter period nicotine (0-3-1 mg.) had 
also become inactive, though a small effect on the tone of the muscle could 
still be elicited with 2 mg. ; the rhythmic response had completely disappeared. 
Muscarine and potassium chloride had, at this stage, more effect on the gut 
than 2 mg. nicotine ; the responses, however, were exclusively tonic in character. 

The observation that the effects of lactate and hypertonic solutions are the 
first to be affected by cooling, supports the view that they are caused by 
stimulation of the nervous elements in the intestinal wall. The long persistence 
of the KCl effect, on the other hand, is in good agreement with the conclusion 
drawn at the beginning of this paper that its site of action is the muscle. Doses 
of nicotine which had an effect comparable in size to that of the other drugs 
employed, lost their efficacy a little later than IsTaCl or eserine, and earlier 
than muscarine or KCl. The persistence of a slight effect of 2 mg. nicotine after 
prolonged cooling is not at variance with the well-established fact that its site 
of action lies in the ganglion cells, as the dose of 2 mg. caused a much stronger 
reaction on the fresh preparation than any of the other substances used. 

/ Summary 

% 

1. The response to certain drugs of the circular coat of the rabbit’s intestme 
was investigated in a preparation, in which the activity of the longitudinal 
coat had been much reduced by suspension in a glucose-free Tyrode solution. 

2. 26-^100 mg. KCl in a 76 ml. bath strongly stimulate the circular muscle. 
The responses are mainly rhythmic with smaller doses and become more tonic 
with larger ones. The effect is not abolished by atropine or by paralysing doses 
of nicotine. Its site of action is the muscle. 

3. Sodium chloride, given in a quantity which increases the tonicity of the 
bath by 20 %, causes an outburst of rhythmic activity in the circular coat. 
The action frequently hhs a latent period of about a minute and is of variable 
size in different animals. It is abolished by paralysing doses of nicotine and 

* Natural muscarine, activity l/450th of that of acetylcholine. 
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^ HISTAMINE IN ADRENAL DEFICIENCY 

possible to sliow tbat tbis substance accumulates in tbe tissues of adienalecto- 
mized animals. Experiments designed to test tMs possibility were recently 
carried out by Rose & Browne [1941] and by Wilson [1941]. The former 
workers reported that, while there was little change in the histamine content 
of blood, kidney or spleen, there was a moderate increase in liver and lung and 
a considerable increase in small intestine and stomach (see Table 3). Wilson 
reported an increase in blood histamine in adrenal-deficient rabbits. 

The question of the relationship between adrenal cortical deficiency and 
tissue histamine appeared to require further investigation, and the work 
described here was undertaken in the hope that a more comprehensive study 
of the histamine content of the tissues of adrenalectomized rats in comparison 
with strict control experiments might throw more light upon the mechanism 
of cortin-histamine antagonism. 

Methods 

Animals. Eats were used and were obtained chiefly from a small colony bred 
from the Wistar-strain albino colony of the Nutrition Laboratories of the 
College of the Pharmaceutical Society. In a few experiments rats kindly sup- 
plied by Dr S. K. Kon from the black and white strain colony of the National 
Institute for Research in Dairying were used. Young rats were mostly em- 
ployed, wt. 30-70 g. (3-0 weeks old). 

The rats were divided into litter-mate pairs; that is, each pair from the same 
litter, of the same sex and as nearly as possible of equal weight. Of each pair 
one animal was adrenalectomized and the other ‘sham’ operated, undergoing 
the same operative treatment except that the glands were not removed. 

Operadve technique. The rats were anaesthetized with nembutal and ether. 
The nembutal was diluted 10 times with physiological saline and injected 
intraperitoneally, 0-15-0-2 c.c. of the dilution to young rats, 0-5 c.c. to adult 
rats. Anaesthesia was completed by the administration of ether, immediately 
before operating, by placing the animal beneath a large funnel the stem of 
which was connected to an anaesthetic bottle containing ether. Air was blown 
through the ether by a syringe bulb. Using this method, excellent control of 
the degree of anaesthesia could be maintained. 

Access to the adrenal glands was gained by a single, mii-dorsal longitudinal 
incision through the skin and two lateral oblique incisions through the muscle 
wall immediately above each kidney. The adrenal gland, together with sur- 
rounding connective tissue, was stripped away with forceps in a caudal direc- 
tion. This technique was preferable to cutting away the gland, which increases 
the possibility of lea^'ing cortical tissue behind. The muscle wall and skin were 
ligatured with silk. As soon as they could swallow, the rats were given 25 % 
glucose solution by mouth from a pipette, a treatment which has been found 
by Bruce & IVien [1940] to reduce the incidence of post-operative mort-ahty. 
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THE INFLUENCE OF ADRENAL CORTICAL DEFICIENCY 
ON THE HISTAMINE CONTENT OF RAT TISSUES 

By P. B. MARSHALL {Ttammell Scholar), From the College of the 
Pharmaceutical Society, University of London 


{Received 9 January 1943) ' 

During recent years evidence has accumulated of an antagonistic lelationslup- 
between the cortical secretion of the adrenal gland and the histamine present 
in the tissues of the body. The beneficial results obtained in the clinical treat- 
ment with adrenal cortical extracts of shock conditions resulting from injnry, 
burns and surgical operation appear to support this evidence, since thege 
conditions are usually associated with a release of histamine [Barsoum & 
Gaddum, 1936]. Marmorston & Gottesman [1928] showed that the seMi 
tivity of rats to histamine was increased after adrenalectomy. This observation 
confirmed the reports of other workers [Scott, 1927 ; CriveUari, 1927 ; Voegtlin 
& Dyer, 1925]. The discovery of the enzyme histaminase by Best & McHeiny 
[1930] struck what at first seemed to be a fatal blow at the theory of cortin 
histamine antagonism, and for a time the problem was not investigated further. 

Subsequently it became evident that the comparatively slow histaminase 
reaction could not adequately account for the rapid disappearance of histan^o 
in the body, particularly the large amounts released in certain pathologica 
conditions. Interest was again aroused, therefore, in the possibility of an anti 
histamine function of the adrenal cortex. Rose & Browne [1938] showed t a 
the decreased resistance to histamine following adrenalectomy was associa e 
with a loss of ability by the body to inactivate histamine. This report was 0 
lowed by the discovery by Rose & Karady [1939] that adrenalectomized am 
mals showed a decrease in the histaminase content of their lung tissue. 
Further, the same workers showed that both the abOity to inactivate histai^ 
and the normal histaminase content of the lungs were restored by the adnnni^ 
tration to the deficient animals of ‘adreno-cortical substances [Rose 
Karady, 1939; Rose, Karady & Browne. 1940]. These results suggested tha^ 
the anti-histamine activity of the adrenal cortex operates through the me mu' 
of histaminase. 

If depriving animals of their adrenal cortex and its hormonal secretio 
reduces or abolishes their ability to inactivate histamine, then it might 
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out in 150 c.c. Pyxex flasks keated on a sand-batk. Tke flasks kad standard 
ground-glass necks. During tke preliininaTT keating tkey Avere attacked to 
Pyrex air condensers and aftersvards transferred to a vacuum drying apparatus 
for removal of tke acid. Tkis apparatus accommodated four flasks, immersed 
in a rrater-batk, eack flask being attacked to a splask trap. Delivery tubes 
from tke traps vrere brongkt togetker by T-joints and tke vapour from tke 
-fiasksled tkrongk a condenserrabsorption ckain consistmg of two vrater-cooled 
condensers witk icfe-cooled receivers, in series, a calcium ckloride absorption 
;oTret and a tube containing sodium hydroxide. Tke apparatus vras exhausted 
by a povret-driven vacuum pump. Tke absorption ckain described was found 
to be satisfactoxT in preventing moisture, acid and alcohol from reaching tke 
pump. 

Tke rats were killed by a blow on tke head except where brain was required 
for extraction; these were killed by an intraperitoneal injection of 5% sodium 
cyanide. Tke tissue required was rapidly removed, freed from superficial 
moisture and blood bv gentle pressure between filter paper, and dropped into 
a weighed flask containing approximately tke requisite volume of 10 % HCl 
(150 C.C./20 g. tissue). Flask aud tissue were tkeu reweigked. llore dense 
tissues suck as liver, heart and kidney were finely chopped with a sharp knife 
before dropping into tke flask. Other tissues were found to disintegrate quite 
readily in tke whole condition, and it was considered desirable to avoid nndne 
damage to tke tissues. Blood was obtained by cardiac puncture and run im- 
mediately into HCT, without preliminary treatment with trichloroacetic acid. 
Sections of tke alimentary tract were washed free from contents with physio- 
logical saline, except in determinations on tke whole tract, when tke contents 
were included. TFkole animals were cut into small pieces immediatelv after 
killing, and extracted in 500 c.c. flasks. Tke extract was filtered and an aliquot 
part taken for evaporation. 

The flasks were boiled gently for an'konr. ' At tke end of tkis period tke 
tissues were completely disintegrated. The extract was dried in vacuo at an 
external bath temperature of 70-80° C. Some of tke residual acid in tke dry 
extract was removed by the addition of two separate portions of absolute 
alcohol, with subsequent distillation of tke alcohol in vacuo at 50-60° C. The 
dry residue was extracted with three separate portions of cold distilled water 
and the extracts filtered through paper into clean, dry test-tubes. Tke tubes 
were plugged with cotton-wool aud stored in a refrigerator at 1-2° C. until all 
the extracts from a group of rats kad been prepared. Tke reaction of tke stored 
extrocts was sufficiently low (pH 1-5 or less) to prevent anv'bacterial growth 
uunng the period of storage, which never exceeded 5 days.' 

EsUmalion of histamino. Tke histamine in tke extracts was measured kv the 
uolated gumea-pig ileum method of Baxsonm A'Caddum [1935] Several 
modfficatrons m tke isolated-organ apparatus were devmed 6r adopted during 



182 


P. B. MARSHALL 


Maintenance of operated rats. The operated and control rats were distributed 
singly into small cages each containing sawdust, a handful of wood shavings 
and a small pot of drinking water. AH experimental rats were given the same 
diet from the time of weaning, consisting of a compressed cube preparation 
obtained from J. Thorley, Ltd., the composition and nutritional values of 
which have been described by Thomson [1936]. The cages were placed in a 
room maintained at about 70° F. For the first night after operation the ani- 
mals were given physiological saline containing 0-5% glucose to drink. This 
was replaced by tap water on the following morning. The animals were weighed 
daily. 

Under these conditions young rats showed an increase in weight of 5-10 g. 
on the first morning after operation, due to the imbibition of large quantities of 
saline which is excreted more slowly than water. On the second morning (after 
24 hr. on tap water) the adrenalectomized rats had usually returned ^to their 
original weight, while the controls were about the same weight as on the pre- 
vious morning. From this time, the controls showed a steady normal increase m 
weight, while the adrenalectomized rats steadily lost weight. The latter de- 
veloped symptoms of adrenal cortical deficiency usually between the 2nd and 
4th day after operation. Any rats which survived this period generally m- 
creased steadily in weight and did not become deficient, probably due either 
to incomplete removal of the glands or to growth of accessory cortical tissue. 

Symptoms of deficiency were preceded by a fall in body weight below the 
pre-operative level. This was followed by an increasing lassitude and a fall of 
temperature. Diarrhoea was not often observed in young rats. The final stage 
of the condition was complete prostration with occasional convulsions and 
irregular breathing, terminating in death. In young rats, under the conditions 
described, the complete course of the deficiency, from the first signs of lassitude 
to death, lasted only a few hours. 

Adult rats showed greater fluctuations in weight among the controls, but m 
adrenalectomized adults there was a fairly regular decrease in weight once 
deficiency was established. The survival time of adult rats was longer than that 
of young rats, symptoms of deficiency never appearing in less than 3 days after 
operation. 

Eats were taken for tissue extractions as they developed signs of deficiency. 
The limits of the conditions under which they were used ranged from loss o 
weight with sHght lassitude to death vrith no rigor mortis. Animals which 
showed no signs of deficiency and those which had obviously been dea or 
some hours were rejected. Control rats were killed at the same time as the 
adrenalectomized litter-mates, and the two extractions carried out con 


"""^Mmction of histamine. The histamine was extracted from the tissues by the 
method of Best & McHenry [1930], Hydrochloric acid extractions were earned 
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out in 160 c.c. Pyrex flasks keated on a sand-batk. Tke flasks bad standard 
ground-glass necks. During tke preliminary beating tkey were attacked to 
Pyiex air condensers and afterwards transferred to a vacuum drying apparatus 
for removal of tke acid. This apparatus accommodated four flasks, immersed 
in a water-batk, each flask being attacked to a splash trap. Delivery tubes 
from the traps were brought together by T-joints and tke vapour from tke 
•flasks led through a cbndenser-absorption chain consisting of two water-cooled 
condensers with icfe-cooled receivers, in series, a calcium chloride absorption 
tower and a tube containing sodium hydroxide. Tke apparatus was exhausted 
by a power-driven vacuum pump'. Tke absorption chain described was found 
to be satisfactory in preventing moisture, acid and alcohol from reaching the 
pump. 

The rats were, killed by a blow on the head except where brain was required 
for extraction-, these were killed by an intraperitoneal injection of 6 % sodium 
cyanide. The tissue required was rapidly removed, freed from superficial 
moisture and blood by gentle pressure between filter paper, and dropped into 
a weighed flask containing approximately the requisite volume of 10 % HCl 
(160 C.C./20 g. tissue). Flask and tissue were then i:eweighed. More dense 
bssues such as liver, heart and kidney were finely chopped with a sharp knife 
before droppiug into the flask. Other tissues were found to disintegrate quite 
readily in the whole condition, and it was considered desirable to avoid undue 
damage to the tissues. Blood was obtained by cardiac puncture and run im- 
mediately into HCl, without preliminary treatment with trichloroacetic acid. 
Sections of the alimentary tract were washed free from contents with physio- 
logical saline, except in determinations on the whole tract, when the contents 
^eie included. Whole animals were cut into small pieces immediately after 
filing, and extracted in 600 c.c. flasks. The extract was filtered and an aliquot 
psrt taken for evaporation. 

The flasks were boiled gently for an'hour. ‘ At the end of this period the 
issues were completely disintegrated. The extract was dried in vacuo at an 
tietnal hath temperature of 70-80° C. Some of the residual acid in the dry 
wtract was removed by the addition of two separate portions of absolute 
j 'I® ol) with subsequent distillation of the alcohol in vacuo at 50-60° C. The 
extracted with three separate portions of cold distilled water 
Wet ^ f filtered through paper into clean, dry test-tubes. The tubes 

th^ ^ cotton-wool and stored in a refrigerator at 1-2° C. until aU 

prepared. The reaction of the stored 
flurinotiT''* snfficiently low (pH 1-6 or less) to prevent any'hacterial growth 
8 be period of storage, which never exceeded 5 days. 

The histamine in the extracts was measured by the 
busliL ^eum method of Barsoum fc-Gaddum [1935], Several 

a ions in the isolated-organ apparatus were dexdsed 6r adopted during 
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the course of the work.' Tyrode’s solution containing 1 mg./l. atropine sulphate 
was fed from a reservoir to a 2 c.c. bath via a 10 c.o. graduated pipette ananged 
so that the pipette could be filled from the reservoir and a measured volume of 
solution run into the bath from the pipette. A simple drip-feed device, as 
demonstrated by Huggett & Mant [1941], was iutroduced so that, during 
periods when the preparation was not in use, Tyrode’s solution was fed drop by 
drop into the bath, the excess liquid escaping over the sides into the surround- 
ing water. This prevented the spasm of the muscle which usually developed 
if the preparation were allowed to stand for long periods in unchanged solution. 

Guinea-pigs, wt. 300—400 g. and of either sex, were used. The piece of ileum 
was taken from the lower end, close to the ileo-caecal valve, as this was found 
to be more sensitive to histamine than muscle from higher ‘regions of the gut. 

A solution of histamine acid phosphate equivalent to lOpg. of histamine base 
per c.c. was used as a standard. Small doses of this solution (O-OOl-O-Ol c.c.) 
were added to the bath by means of a Wellcome ‘Agla’ all-glass syringe fitted 
with an ‘ Agla ’ micrometer attachment. Use of the syringe by hand was clumsy 
and, if much tilted to introduce the needle point into the bath, the piston 
slipped down the barrel and delivered more solution than was'intended. It was 
therefore found more convenient to clamp the syringe in a horfrontal position 
and connect the needle to it by a short length of fine rubber tubing, the nee e 
being clamped with the open end held just below the surface of the solution m 
the bath. The point of the needle was ground flat to reduce the area of possi e 
diffusion into the bath. . , 

Immediately before estimation, each extract was adjusted to the reaction o 
Tyrode’s solution with NaOH solution (6-20 % according to the acidity of t e 
extract) and the final volume of the adjusted extract was recorded. The chang 
of pH of the extract during the titration was followed by transferring nuninw 
amounts of the liquid wdth a glass rod on to white filter paper and treating t 
stain vrith thymol-blue solution. This method was satisfactory even with ar ' 
coloured extracts, since the dark stain remained at the point where the r 
touched the paper, while a colourless ring of moisture spread outwards r 
^the centre. The appearance of the first trace of green was taken as the en 
point of the titration (about pH 8'0). The adjusted extract, or a suitab e 
tion of it, was added to the bath in doses of 0'02-0'2 c.c. by means of a 


syringe graduated to 0-01 c.c. p 

In the earlier experiments a 6 min. interval was allowed between ose^ 
standard or extract, but subsequently it was suggested [6. B. est, pri 
communication] that the muscle would respond quite as regularly ^ ® 
val were reduced to 2 min. In view of the large number of extracts to e ' 
the saving'of time by this change was very important. The flmd in t e a 
changed immediately after each dose of standard or extract and agam e 
the administration of the next dose. 



/ 


HISXAMIXE IN ADRENAL DEFICIENCY 185 . 

Undei tkese conditions, most of the prepaxations xrould respond to a dose of 
Mstamine as low as 0-01 fig. of base, though the usual working dose was 0-05- 
0-lpg^The use of atropinized Tyxode’s solution abolished the spontaneous 
acthitv of the muscle, so that a flat ‘base-line’ was recorded, which facilitated 
tie comparison of contractions. , 

Control experiments. These were carried out on most of the tissues examined 
in order to determine whether, for each tissue, the addition of a known amount 
of listainine acid phosphate could be detected by the methods used. Tissues 
from normal rats were divided symmetrically and the halves extracted in 
separate flasks. To one flask was added, before extraction, the known amount 
of histamine in solution, the amount being roughly equal to the average pro- 
portional increase found in that tissue after adrenalectomy. The apparent 
histamine content per g. tissue was determined for both extracts, and the dif- 
ference compared with the amount actually added to the second flask. 

Ifafer content determinations. Since adrenal cortical deficiency is accom- 
panied by changes in the water content of some tissues, it was considered 
advisable to determine the relationship between the fresh and dry weights of 
samples of all the tissues used for histamine extraction. K the moisture content 
of a tissue altered siginficantly after adrenalectomy, the values for histamine 
content calculated in terms of fresh tissue alone would give an inaccurate 
picture of the true histamine change. 

A portion of each tissue extracted was weighed on a tared watch-glass and 
dned to constant weight in an oven at 100^’ C. The histamine content of the 
fesues was calculated in terms of both fresh and dry material. 


KeSULTS AXD CAICETLATIOXS 

do the experiments described, 465 rats were adrenalectomized and an equal 
omber of control animals were ‘sham’ operated. Of the 465 rats operated, 
259 were actually used for tissue extractions; 111 were rejected because thev 
kad been dead too long when found, or for other reasons; 74 failed to develop 
adrenal cortical deficiency; and 21 died during or as a result of the operation. 
>-mce there was considerable variation between iudividual determinations, 
e mean values for histamine changes between operated and control animals 
'^cre determiued by calculating the mean difference between the logarithms' 
contents of the tissues. This method of calculation was shown 
T [1879] to give a more accurate mean value for a series of observa- 

obtained by the arithmetical 
in histamine content of all tissues (iucluding blood) was expressed 

histamine base per g. fresh tissue. 

in^'toaVr e" “ Table 1. All the tissues examined showed an 

valu. VI exception of stomach and the whole gut. The 

- ot the logarithmic method of calculation is particularly weU iflustrated 
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with liver. One of the nineteen determinations showed an increase in histamine 
of over 1000 % in the adrenalectomized animal. This abnormal value raises the 
arithmetic mean for the 'histamine change to about 900%. Calculated by the 
logaritlumc method, however, the value of the mean change is about 100%, 
which is much nearer the value expected from the other eighteen deter- 
minations. . ^ 

Table 1. i^tamine changes after adrenalectomy 
Mean histamine Mean histamine 



No. of 

content in 
control rats 

content in 
operated rats 

Mean % difference 

Tissue 

determinations 

/ig./g. firesh tissue 

/rg./g. freSh tissue 

log. calc. 

Whole body 

16 

14-4 

18-9 

+31-1 

Blood 

28 

0-99 

1-47 

+61-0 

Whole rat , 

Stomach 

14 

11-2 

10-0 

- 8-61 

21 

36-2 

36-2 

- 1'17 

Small intestine 

16 

6-30 

10-4 

+ 64-5 

Caecum 

0 

16-0 

22-S 

+ 624 

Large intestine 

10 

4-30 

6-29 

+42-1 

Liver 

19 

7-72 

77-4 

+ 104-6 

Kidney 

18 

1-86 

2-34 

+24-7 

Spleen 

19 

2-65 

4-64 

+70-2 

Striated muscle 

16 

8-7 

10-3 

+ 1 / -8 ^ 

Cardiac muscle 

19 

6-6 

7-0 

+22-8 

Skin 

17 

63-2 

60-8 

+26-9 

Lung 

Brain 

38 

6-4 

Histamine 

0*5 . 

content too small for estimation 


Changes in water content of the tissues after adrenalectomy were found to 
be small, and only in blood, small intestine, Hver, kidney and lung was t e 
change significant. Of these tissues lung lost water after adrenalectouiyi 
making the histamine increase less when calculated in terms of dry tissue, 
while the other tissues gained water, which increased the value of the histamme 
change when calculated in terms of dry tissue. 


Tabl^ 2. Control eiperiments 


Tissue 

Blood* 

Bloodt 
Stomach 
Small intestine 
Caecum 
Jjorge intestine 
Liver 
Kidney 
Spleen 

Striated muscle 
Cardiac muscle 
Skin 
Lung 


Mean 

tissue 

histamine 

hs-le- 

' 1-34 

0- 41 
43-7 

8-78 

130 

11-7 

2-43 

1- 04 
309 
8-73 
4-28 

40-6 

4-38 


Mean 
tissue 
+ added 
histamine 

2- 40 

0- 76 
78-6 
14-4 
21-0 
13-6 

4-65 

1 - 02 

3- 68 
10-20 

4- 49 
67-9 

7-50 


Mean 

difference 

(added 

histamine 

found) 

1-12 

0- 36 
34-9 

6-0 

8-0 

1 - 8 

2-21 
0-68 
0-68 
1-46 
0-21 

17-3 

3-11 


Histamine 

actually 

added 

0- 67 
0-62 

21-0 

6-1 

7-8 

2-0 

1- 95 
0-00 

1- 45 

2 - 00 
1-49 

16-1 

1-53 


Mean % 
histamine 
found 

100-0 

88-1 

87-1 

00-6 

65-4 

15-9 

94-4 

47-9 

32-0 

14-9 

12-7 

40-4 

75-0 


Mean % 
histamine 
added 
54-4 
101-7 
63-1 
Cl-2 
00-3 
18-7 


. 02-1 
24-1 
41-1 
40-2 
37-6 


• Method of Best & McHenry [1930]. . , t, ftnddnm 110351 

-(■ Code’s [1937] modification of the method of Barsoum S. J- 
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The results of tlie control espeiiments are sliomi in Table 2. Control experi- 
ments on blood were carried ont using botb Code’s [1937] modification of 
Barsoum & Graddnm’s [1935] method for the extraction of histamine from 
blood, and the method of Best & McHenry [1930] for tissues. The mean per- 
centage values given in the last two columns of the table were calculated by the 
logarithmic method in order to make them comparable with the values re- 
corded in Table 1. Statistical analysis of these results showed that added 
histamine could be recovered with reasonable accuracy from all the tissues 
examined with the exception of blood, spleen, cardiac muscle and lung. 


Statistical axalysis of results 

AB the results obtained were analysed statistically to ascertain how far each 
mean value quoted could be relied upon. In each experiment the standard 
deviation [a) of the mean value of n determinations was calculated. The stan- 
dard error {E) was then calculated from the formula jB= a/n, and the value 
of t, the significance of the mean vaiue (M), was obtained from the formula 

In the experiments on tissue-histamine change after adrenalectomy, and 
those on change of water content in the tissues after adrenalectomy, t was 
calculated for the log mean differences between tissues from control and ope- 
rated rats. In the control experiments the value of t was calculated for the log 
mean percentage of added histamine found, and also for the log mean difference 
^tvreen added histamine found and histamine actually added. 

All values of I were compared with values of t for (u — 1) determinations in a 
table of probabilities published by Fisher [1925]. Where the calculated value 
t is equivalent to a value for P (probability) of more than 0-05, the mean is 
considered not to be significant; where t is equivalent to a value for P of less 
than 0-05, the mean value of the series of results was considered significant. 

For purposes of comparison Table 3 shows the results obtained for histamine 
^ onges aftur adrenalectomy by Wilson, Kose and Browne, and in the present 
'^otk. To make the comparison more accurate, mean values from the figures 
Reported by the other workers have been calculated by tbe logaritbmic method 
escribed above, and the values so obtained subjected to statistical analysis. 
'C erence to the table of results in Rose & Browne’s paper shows that, in some 
ci^runents, there are unequal numbers of observations reported on control 
° operated rats. Since the logarithmic method of calculation admits only of 
wmparisons between pairs of results, the ‘odd’ values had to he omitted. The 
^^wlation IS also based on the assumption that pairs of values on the same line 
e comparable as controlled pairs, which is not stated in the text. The control 
Wilson were obtained from tbe same animals before 
control and experimental values may therefore be safelv 
fc rued as strictly controlled pairs. 



Table 3. Comparative table of results for histamine changes after adrenalectomy 
S= Significant change; I = Insignificant change 
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Discussion 

Tie lesults obtained in the experiments described are, generally speaking, in 
agreement ■with those of Wilson [1941] and of Rose & Browne [1941], in that 
there is in most of the tissues examined a significant increase in histamine 
content after adrenalectomy. 

Eose & Browne [1941] suggested that the increase of histamine in the tissues 
of the adienalectomized rat was due to transference of histamine from the 
blood, without any increase in the histamine content of the body as a whole. 
IVilson [1941], however, showed that the blood histamine was increased in 
adrenalectomized rabbits, this result being confirmed for the rat in this com- 
nmnication. It has also been shown in the experiments reported here that the 
histamine content of the whole body is increased by about 30 % after adrenal- 
ectomy, representing an increase of over 200 fig. histamine base in a 50 g. rat. 

Since the greatest increases of histamine were found in certain regions of the 
gut (large and small intestine and caecum) and in the liver, which is directly 
connected -with the gut by the portal system, it might be suggested that the 
^^tra histamine enters the body via the alimentary tract. No significant change 
^as found in the histamine in the whole gut with its contents. It might be, 
then, that there is in the adrenal-deficient animal a transference of histamine 
■'uthin the gut, probably from the lumen into the wall of the intestine and so 
by the portal blood to the liver. Histamine which passes through the liver 
enters the general circulation and becomes more or less evenly distributed 
throughout the other tissues. This transference may be brought about by the 
changes in the osmotic balance of the body which are characteristic of adrenal 
cortical deficiency. On the other hand, histamine itself is capable of altering 
the permeability of cell membranes. Whether the osmotic changes of Addison’s 
fcease are the cause of the change in distribution of histamine or whether 
increased amounts of histamine (due to suppression of a specific anti-histamine 
unction of the hormones of the adrenal cortex) are responsible for the dis- 
turbed osmotic balance between the tissues, still remains to be established. 

SuxiiiART 

b The histamine content of the whole body, blood, whole gut (with con- 
^uts), stomach, small intestine, caecum, large intestine, liver, kidney, spleen, 
ducted muscle, cardiac muscle, skin and lung was determined in adrenalecto- 
^C(l rats in comparison -with similar determinations on litter-mate ‘sham’ 
'ipcrated controb. 

exception of whole gut and stomach, all these tbsues showed a 
% ^ increase in hbtamine content following adrenalectomy. 

experiments involving the recovery of histamine added in known 
nies to the various tissues showed that the experimental methods em- 
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ployed were reliable except probably in the case of lung, cardiac muscle, spleen 
and blood. 

- 4. All the result's recorded were analysed statistically before conclusions 
were drawn. 

6. The significance of the results is discussed, with reference to the probable 
source of the extra histamine present in the adrenal cortical deficient animal 

This communication contains, in abridged form, material presented in a thesis for the degree of 
Doctor of Philosophy (University of London, 1942). For fuller information on eiperimental pro- 
cedures and detailed tables of results, this thesis may be consulted. 

I rvish to ejrpress my gratitude to Dr K. H. Coward for her helpful guidance and adrice, par- 
ticularly in the methods of statistical analysis, and to Prof. J. H. Qaddum, upon whose suggestion 
the investigation was rmdertaken. 

* 
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The rate of regeneration of peripheral nerves in man has been so universally 
accepted as about 1 mm. a day that the basis for and accuracy of this estimate 
hare long remained unchallenged. There is no doubt that the rate is something 
of this order as compared with figures such as O-l or 10 mm. a day. But the 
subject is a complex one. There may be different rates for fibres of different 
types, and it is probable, even likely, that the various methods of estimation 
at out disposal will give results that are not even comparable. Is it true that 
regeneration progresses at a uniform rate throughout the length of a nerve'? 
Ife know that there is an initial delay at the site of the lesion, but once this 
IS past what grounds are there for believing that the new fibres progress at a 
steady rate until they reach their end-organs?. Although the experimental 
work of Gutmann, Guttmann, Medawar & Young [1942] has answered many 
such questions in the rabbit, no comparable work has been done in man. ' 

The rate of advance of Tinel’s sign has long been the most popular method of 
eshmating the rates of regeneration, and Tinel himself [1917] gives the rate of 
1-2 mm. a day. Dustin [1917], with moderately accurate data in ten cases, 
gives approximate rates of 2-4-5 mm. a day for median, 1-5-2 mm. a day for 
uluar, and 4-5 mm. a day for radial lesions. Although Trotter & Davies [1909] 
und Bunnell & Boyes [1927] were not concerned with rates of regeneration as 
such, their data enable one to work out approximate rates from diagrams 
shoeing return of sensibility in the skin. Stopford’s [1920] accurate observa- 
bons on motor recovery may also be used for working out rates, and his data 
Me 0 ^ ^onlysed in detail later in this paper. Marble, Hamlin & Wat kins 
1 2] give rates for the ulnar, median and radial nerves, but their data are 

inui equate and their method of calculation simply division of the total distance 
^o^ered by the time taken before ‘regeneration was noted to be complete’, 
wover, the subject has never been reviewed at all comprehensively, nor 
here been any investigation of factors responsible for differences between 
" '■■’^'ranted by different methods. For example, it has recently been shown 

13 
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experimentally [Gutmann et al. 1942] that the rate of regeneration after suture 
is different from that after axonotmesis ; ^ this alone is sufficient to stimulate 
an inquiry into the possibility of similar difference being found in, man. 

All these observations, except those made by Trqtter & Davies who pro- 
duced experimental lesions in themselves, have been made on patients 
suffering from nerve injury. In lesions of this kind there are many variable 
which make the path- of the investigator a thorny one, but provided that the 
clinical material is adequate and observations are recorded faithfully, clinical 
cases are the medium of choice for they present lesions of a magnitude that 
could never be permitted in dehberate experiment, and the variables are 
themselves of such importance as to merit investigation! Before considering 
clinical methods in detail it is necessary to mention two relevant experimental 
rnethods; the usefulness of the first is doubtful, that of the second possible 
but as yet unestablished. 


Expekimental methods 

(а) ‘Pinch’ method [Young & Medawar, 1940]. This method has proved to be 
of real value for comparing rates of regeneration after crushing the nerves o 
experimental animals or after various forms of suture. At an appropriate t^ 
after the infliction of the lesion the nerve is exposed, mobilized, and crus 
with fine forceps at millim etre intervals working from the periphery towa s 
the lesion. The first point at which the animal gives a reflex response un er 
light anaesthesia provides a measure of the distance to which the 
growing pain fibres have penetrated the peripheral stump at that time, 
logical examination shows that the method is delicate. It must, however, ^ 
emphasized that it measures the rate of advance of the fastest growing i ^ 
and the vanguard certainly travels more quickly than the main company. 
pinch method, besides being almost inapplicable in man, is of limite c mca 
interest because the quantity it measures is of minor functional 

Much the same is true of Tinel’s sign (see below) which is probably a 

sensitive measure of a quantity of the same sort. j h Very 

(б) Histological examination of regenerating nerves in amputated limbs. 

occasionally one meets a patient requiring amputation for a con tio ^ 
than malignant disease or extensive infection, who wilhngly consen 
nejwm in the part to be sacrificed being crushed or divided and suture • ^ 

small experimental operation and the amputation are timed proper ^ 
possible to obtain a length of nerve that can be cut into segments an 

for the presence of new fibres. Investigations of this kind have een m 

1 There are three chief types of nerve injury [Seddon, 1942]. Neurotmcsis : gjoiu 

thickness of a nerve. Axonotmesis: a lesion ‘in contmuity’ cauang m 1 ,,^ pf the 

sufficiently severe to produce complete peripheral degeneration, hut “P^.^rinhernldcgencra- 
supporting strueture of the nerve. Neurapraxla : paralysis first tiro, 

tion and recovenng rapidly and completely. Here we are concerned only with the 
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experimentally [Gutmann et al. 1942] that the rate of regeneration after suture 
is different from that after axonotmesis ; ^ this alpne is sufficient to stimulate 
an inquiry into the possibility of similar difference being found in man. 

All these observations, except those made by Trotter & Davies who pro- 
duced experimental lesions in themselves, have been made on patients 
suffering from nerve injury. In lesions of this kind there are many variables 
which make the path- of the investigator a thorny one, but provided that the 
cHmcal material is adequate and observations are recorded faithfully, chnical 
cases are the medium of choice for they present lesions of a magnitude that 
could never be permitted in debberate experiment, and the variables are 
themselves of such importance as to merit investigation. Before considenng 
clinical methods in detail it is necessary to mention two relevant experimental 
methods; the usefulness of the first is doubtful, that of the second possible 
but as yet unestablished. 


Expeeimental methods 

(a) ‘ Pinch ’ method [Yoimg & Medawar, 1940]. This method has proved to be 
of real value for comparing rates of regeneration after crushing the nerves of 
experimental animals or after various forms of suture. At an appropriate tpne 
after the infliction of the lesion the nerve is exposed, mobilized, and 

with fine forceps at millimetre intervals working from the periphery towa 
the lesion. The first point at which the animal gives a reflex response under 
light anaesthesia provides a measure of the distance to which the fastest 
growing pain fibres have penetrated the peripheral stump at that time. His^ 
logical examination shows that the method is delicate. It must, however, e 
emphasized that it measures the rate of advance of the fastest growing 
and the vanguard certainly travels more quickly than the main company. ® 
pinch method, besides being almost inapphcable in man, is of limited climca 
interest because the quantity it measures is of minor functional siguincance. 
Much the same is true of Tinel’s sign (see below) which is probably a less 
sensitive measure of a quantity of the same sort. v 

(b) Histological examination of regenerating nerves in amputated limbs, erf 
occasionaUy one meets a patient requiring amputation for a condition o er 
than malignant disease or extensive infection, who wilhngly consents 
nerve in the part to be sacrificed being crushed or divided and suture . ^ 
small experimental operation and the amputation are timed proper) i 
possible to obtain a length of nerve that can be cut into segments and examme 
for the presence of new fibres. Investigations of this kind have been made 

1 There are three chief types of nerve injniy [Scddon, 1942]. Xeurotmesis: on, 

thictneas of a nerve. A.vonotmeai 3 : a lesion ‘in continuity’ causing interruption of the axo 

eufficiently severe to prince complete 



BEOENEBATION OF PEBIPEERAL NERVES IN MAN 193 

men cases and 'will be leported elsewbete by J. Z. Young and H. J. Seddon. 

AVe feel bardly justified in including tbe lates fiere, because tlie number of 

observations (eight) is too small to give data of statistical value. 

' / 

CntNIOAL METHODS 

(а) As regenerating fibres grow down the peripheral stump of a damaged 
nerve they le-innervate muscles in turn according to the anatomical order of 
innervation. If the process of recovery is followed dihgently, it is possible to 
obtain data for the construction of a graph showing the rate at which regenera- 

' tion proceeds; this is a -good method in practice and will be discussed in detail. 

(б) If , in a number of patients suffering from lesions of the same nerve but 
at different levels, the time taken for the regenerating axons to cover the 
distance from the lesion to a given muscle be observed, then by plotting the 
readings' on a graph it should be possible to get an estimate of the rate of motor 
recovery. This method has been employed with success in experimental work 
on small animals. We have not yet had opportunity in man for working out 
rates in this way for a large number of comparable lesions of one nerve is 
required, and as the method involves consideration of genetic differfences (all 
the factors peculiar to an individual' which may have some bearing on the 
rate at which a nerve regenerates) it can never, in animals or man, give results 
at all comparable in accuracy with those obtained from calculations based on 
serial innervation. We do not, therefore, propose to discuss it further. 

(c) The advance of Tinel’s sign is generally taken as indicating the progress 
of tbe axon tip, and in a few cases we have found it to move forward with 
®fnking regularity. As evidence of regeneration, Tinel’s sign is of value only 
after suture (our experience amply confirms Btookey’s [1919]), and we have 
therefore' confined our observations on rates to those cases in which TineTs 
sign has been observed after suture. 

(d) Clinical observations on the rate of advance of returning sensibility. 
This is a promising method of investigation but by no means as simple as 
^ould appear at first sight. 

(e) Rate of return of activity in sweat glands. The demonstration of sweating 
by Guttmann’s method [1940] has made the investigation of sudomotor pheno- 
mena a comparatively straightforward procedure, and we hoped that our 
»enal photographic records would show recovery of sweating advancing in an 
orderly fashion; but unfortunately the process is erratic and therefore , quite 

^ nseless for the estimation of rates of regeneration. 

Serial re-innervation of the muscles of a limb ^ 

The process of recovery' is a complicated one, but for present purposes may 
. conveniently be ditided into three stages: (a) the initial delay at the site of 
lesion, f/h t.hn rinring which the axons are travelling down the nerve, 

13—2 
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aiicl (c) tlie time that elapses between the arrival of the fibres in muscle or skin 
and the re-estahlishment of function.^ Of the three, the last phase un- 
doubtedly the most complex, for it includes the time required for ‘maturation’ 
of the fibres, for regeneration or. restitution of end-organs, and for the attain- 
ment of a certain density of iimervation which is necpssary before clinical 
recovery becomes manifest.^ But, to follow the reasoning of Gutmann el al. 
[1942, p. 14], one mUy consider the process more simply as (a) the initial delay 
at the scar, or latent period, and (b) the advance of functionally complete fibres; 
not as the rate of advance of minute axon tips which are immature, but the 
rate of progress of functionally complete regeneration of the nerv'^e. Since the 
methods to be described (apart from the rate of advance of Tinel’s sign) depend 
on progressive re-establishment of function, this conception of regeneration is 
not merely convenient but the most accurate, since it gives the rate of advance 
of that process which, occurring in the main body of regenerating fibres, has as 
its end-point the appearance of voluntary contraction or return of sensibility. 

Application of the method requires three sets of data : (a) the level of the 
lesion, (b) the points of entry of motor branches, and (c) times of reappearance 
of volrmtary contraction. 

(a) It is desirable though not essential that the level of the lesion should 
be known in relation to a convenient bony landmark and this has been noted 
in all cases that we have explored or sutured. 

(b) We must know also the points of entry of nerves into muscles in relation 
to convenient bony landmarks ; it will then be possible to work out the is- 
tance to be covered by the regenerating axons in their jommey from the lesion 
to the various muscles. It is obvious that the point of entry of the nerve is 
not the same thing as the final destination of individual fibres and their 
branches for, as Frohse & Frankel [1913] have shown, a motor nerve arborizes 
in the most elaborate way before breaking up into its terminal filaments. But 
there are such wide variations in the level at which a motor nerve entere a 
muscle, to say nothing of possible multiplicity of branches, that aU calculations 
are uncertain and complex, and little would be gained by embarking on t e 
almost impossible task of reducing the intramuscular ramifications of a motor 
nerve to linear measurement; in any case, this factor is constantly presen 
(though it is not necessarily always of the same magnitude in different muse es). 

Points of entry of motor branches 

Although these data have not been neglected by anatomists and clinician, 
only LineU’s [1921] measimements are sufficiently detailed to be of value or 
this work. His figures are for the upper limb alone and are based on t e 
dissection of twenty-six subjects. Linell found a constant relation between 
the length of a limb and the distance of points of entry of motor branches row 
a bony landmark, and by working out ratios he obtained remarkably constan 
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fignresfor irhat ie considered tie average limb, i.e. one in vliich the distance 
between the tip of the acromion and the tip of the lateral epicondvle is 30-5 cm., 
and the distance between the lateral epicondvle and the styloid process of the 
radins IbOl: cm. (the O-Ol is a remarkable refinernent). His figures, which do 
not include any for the intrinsic muscles, of the hand, are given alongside those 
collected in the Department of Human Anatomy at Oxford. 

Under the direction of Prof. Le Gros Clark, a number of dissections have been 
carried out by W. Bremner PQghet and, later and on a more ejdensive scale, 
hr B. Feinstein. They both found considerable variations in levels of entry of 
branches, even between the two sides of the same subject, and there was no 


Table 1. Points of entrv of motor branches into mnsdes 


Ufpee LniB 

■Ml in relation to a line draTO horizontallv through the lateral epicondvle: distances in cm. 

Badial nerve: ^ 

Triceps: Long head 
Medial head 
- Lateral head 
Brachioradialis 

Extensor carpi radialis longus 
Extensor carpi radialis brevis 
Extensor commums digitonnn 
Extensor carpi ulnaris 
Extensor TPinimj digiti * 

Abductor polKcis longus 
Extensor poUicis longus 
Extensor poQicis brevis 
' Extensor indicis 
Median nerve; 

Pronator teres 
Plexor carpi radialis 
Plexor sublimis digitomm 
Plexor poUicis longus 
Plexor profondus digitorum 
Thenar muscles 
Lhiar nerve; 

Plexor carpi ulnaris 
Flexor profondns digitorum 
&vpothenar muscles 

P&st dorsal interosseus and adductor polUds 
Lotvee umb 

All in relation to a line dravm. through the head of the fibula: distances in cm. 
Peroneal nerve: 


linslem 

Linell 


IS 

19-2 1 


12 

11-241 

Above 

15 

15-8S 1 

epicondvle 

2 

1-24J 


0 

0 


3-5 

6-10 


9 

7-5 


10 

- I'i 

. Below 

5? O 

11 

$ *o 

epicondvle 

U-5 

I 


14 




14 

— . 


4-5 

1-5 -2 


6.5| 

2-76-5-05 

11-5 




10-5 




33 

— 


3-5 

2-0S-2-99 

6-5 

5*54 


31 





34 


Biceps; short head 
Peroneus longus 
Peroneus brevis 
Tibialis anterior 
Extensor digitorum longus 
• Extensor hallucis longus 
Extensor digitorum brevis 
Tibial nerve: 

Gastrocnemius 
Tibialis posterior 
Plexor dfimtorum longus 
Plexor haUucis longus 
Abductor hallucis 


20 

6 

13 


li 


1 

201 ' 

3sl 


Abore head of fibnia 
Belo^r head of fibula 

Abore head of fibula 
Below head of fibula 
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relation between the levels of entry and the length of limbs in subjects of' 
different adult stature. Dr Feinstein has done this work as part of a more 
comprehensive investigation of the anatomical features of somatic motor nerves, 
but he has permitted us to give the average figures (which include Highet’s 
data) for the benefit of others who may be working on this same problem. 

(c) Las'tly, we must know the times at which contractions’ first appeared m 
the various muscles innervated by branches arising from the peripheral stump. 
This immediately introduces difficulties, for in the majority of cases it is 
neither possible nor desirable to keep patients in hospital or convalescent 
home for the greater part of the period of recovery; and it is not always possible 
to see patients with the frequency that we desire. Stopford saw his patients^ 
at, monthly intervals which meant that there might be an error of two or 
three weeks. In most of our cases we have had po be content with a similar 
frequency of observation, though in selected cases observations were made 
every few days and in a number at intervals of one week.^ "When a complete 
muscle chart has been made (Table 2) it is possible to plot the points on a graph 
(Fig. 1) which shows the distance covered by the process of regeneration m 


Table 2. Muscle chart from a case of radial axonotmesis 


Date 1941 
Brachioradialis 

D. C.Bad.L. 

E. C.Ead.B. 
Supinator 
B.Com.D. 
EJilin.D. 
E.C.Uln. 
Abd.P.L. 
E.P.L. 

E.P.B. 

E.Indio. 

Date 1941 
Brachioradialis 
E.C.Rad.L. 
E.C.Rad-B. 
Supinator 
E.Com.D. 
E.Min.D, 
E.C.Uln. 
Abd.P.L. 

E.P.L. 

E.P.B. 

E.Indic. 


28. iii 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4. ix 

3 

4 
2 
0 
0 
0 
0 
0 
0 

0 \ 
0 


3. vi 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

18. ix 

4 

4 

3 

? 

2 

2 

0 

0 

0 

0 

0 


23. vi 

1-6 

1 

0 

0 , 

0 

0 

0 

0 

0 

0 

0 

2. X 

4 

4 

• 4 
3 
3 
2 
0 
0 
0 
0 
0 


3. vii 
2 
2 
0 
0 
0 
0 
0 
-0 
O' 

0 


10. vii 
2 
3 
0 
? 

0 

0 

0 

0 

0 

0 

0 


17. vii 

2-5 

3 

0 

? 

0 

0 

0 

0 

0 

0 


9. X 
4 
4 
4 
4 
3 
3 
2 
2 
0 
0 
0 


30. X 
5 
4 
4 
4 

3-6 

3-5 

3 

3 

1 

0 

1 


31. vii 

3 

3 

2 

! 

0 

0 

0 

0 

0 

0 

0 


27.11 

6 

4-5 

4-5 

4 

3-5 

3-5 

3 

3 

3 

1 

1 


This chart shows progressive recovery in anatomical order (see Fig. 6). 

6 = normal power. ' . . • „ 

4= power short of normal, but contraction against rCTiatan . 
3 = contraction against gravity, but not against resistance. 

2 = contraction, but not against gravity. 

1 =flicker. 

0=total paralysis. 


14. viii 

3 

3 

2 

0 

0 

0 

0 

0 

0 

0 

11. lii 

6 

6 

5 

1-5 - 

3-6 

3 

3 

3 


* The return of faradic exeitability is of no value, since m 
return of voluntary power. 


most cases it is preceded by tbs 
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; s 

6-l 


Kg. 1. Graph showing serial reinnervation of muscles in case T.AM . 
radial avonotmesis, 0-L is latent period. 


Sonmlfibns 



fibres 

ictr 


»\omuI fibres 


InT^uUfKar 

RcfeoCTitm^ fibres 
dHaj ed by dcaise 
partufKar 


ReUu>dy 

onobsirocted 

rc£enCTiUn» 
fibres ^ 



Rclati\-clv 

unob^lnjctcd 

rtycneraUng 

fibres 


Xlcdnj of fibres 
in msin trunk 
Wid branch 


B 


il.- showing influence of intraneural plexus on resreneratirm Jn u 

on H not of uniform severity. A shows delayed regeneration in a branch wh ^ 

^ of the scar is between the branch and the plexus. If the branch is to 
^ "ndoe delay in the return of voluntary poL. B sh^a^^SX ^ 

hm the lesion is central to it. In this case legeneraHon would b^^^nto Ilf^ 
tolontary power was concerned. regular so far as retun 
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various motor nerves vdthin certain periods of time. But even if ^e were quite 
certain that the axons travelled at a constant rate throughout, the points 
would not faU exactly along a regular Line except by accident, because of 
anatomical variables already described and which cannot he ehminated. 
However, a coefficient of Hnear regression can be calculated in many cases and 
this gives some idea of the advance of regeneration of motor fibres, i.e. it gives 
an index of the rate of advance of the wave front of functional matmation 
rather than the rate of growth of the axon tips. When a fine representing the 
growth rate is drawn so as to intersect the base line we should obtain a repre 
sentation of the latent period {0-L, Fig. 1) or delay at the site of lesion. 

Certain precautions must be taken both in tfie collection of data and in their 
interpretation. Lesions occurring in man rarely have the uniformity aimed at 
and often obtained in experimental lesions, and this is especially true m 
axonotinesis where we have frequently observed an asymmetry in the scar 
at the site of damage. When regeneration begins one can hardly expect t 
axons to advance on a uniform front; those that have little^ scar ti^ue to 
penetrate outstrip those confronted by more serious obstruction an , pre 
sumably, reach their destinations earlier, that is, if the same distance has to 
covered. From this it follows that a lesion, whether axonotmesis or 
followed by suture, only a short distance above the origin of branches no 
be followed by regeneration in a completely regular order unless (an ^ ® 
something of which we can rarely be sure) the lesion has affected t e 
uniformly throughout its thickness. Fig. 2 shows diagrammatically t e so 
irregularity that is to be expected. However, if the lesion is we ® 
point at which branches first arise there will be a thorough mixing o res 
the intraneural plexus proximal to the point at which branches nrise L oers 
& Bumke, 1929 ; Ealvington, 1940] ; by the time the fibres reach t e rs s 
branches and the peripheral stump beyond, any irregularity at t e si 
lesion will have become uniformly distributed. Our experience m e 
struction of graphs has compelled us to discard a number in whic 
was close to the first se(i of branches. 


Matekial 

Out of 600 cases seen at the Oxford Centre, only 25 (mcluding of 
different nerves in the same patient) have been suitable for determ^ina 
rates by this method; and only in the case of the radial nerve has ther 
a sufficient number (18) to permit average rates being worked out. 


Kesults 

ythough estimation of rates of regeneration m the rabbit and 

ertain human cases, those represented in Fig. 1, for examp e, s r ® ^ 

hat the process advances at a uniform rate we are bound to consider another 

lossibility. 
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Experience in'otlier fields of biometry favours tbe probability of a progres- 
sive diminution in the rate; indeed, it is almost invariably found that the rate 


on. 



^■g- 3. Case BUT...; radial axonotmesia Trith alow motor recovery. A cmve is clearly the best 
fit, bat had the last two readings been omitted a atrsight line might have appeared equally 
satisfactory. 


cm. 



rig. 4. Case LIN...; jieroneal axonotmeaia with aenaory recovery observed 
over a long period. A curve gives the beat fit. 


0 growth of anything, from a whole organism to a fragment of tissue, follow 
e same general tempo: it is fast at first and slows as .the growth procet 
“Approaches completion. Nevertheless the rate may be approximately constar 
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over moderately long periods, and unless the number of readings plotted 
on a graph is considerable the initial fast rate and the ultimate slowing 
rhay escape detection and the rate consequently appear to he capable of 
representation by a straight line. What is the general pattern of recovery in 
our cases? 

Let us begin by considering two cases- that were exceptional in that tbe 
periods of observation were imusually long. The first, BUT... (Kg- 3), was a 
patient who had a serious gunshot^ wound of the arm and complete paralysis 
of the radial nerve. The lesion must have been essentially an axonotmesis, 
since regeneration occurred spontaneously and progressed in an orderly 
fashion. But the points on the graph undoubtedly fall on to a curve: recove^ 
was rapid at first, slow later. Nevertheless, it could fairly be represented y 
a straight line between the 194th and 300th days. The second case 
should properly be considered later under rates of return of sensibility) is o 
the same sort. The graph (Fig. 4) shows the rate of return of pain sensibility m 
the cutaneous area supplied by the peroneal nerve in a case of axonotmesis. 
A straight line cannot be fitted to these points. These are two outstan g 
cases in which the progressive diminution in 
rate was immediately apparent; in other cases, 
including some of Stopford’s, there was a less 
obvious but quite suggestive falling ofif in the 
later readings. 

Coming now to our series of cases of axono- 
tmesis^ and recovery after suture, we find 
twenty-three in which there was no difficulty 
in representing the rate of regeneration by a 
straight line. In the case ABN... (Fig. 6) the 
approximation is very close indeed, and in 

fifteen of Stopford’s (1920) cases the same was niono- 

possible (e.g. Fig. 6) though in one (no. 29) the recoverj-, showing 

data were poor and in three (nos. 5, 6 and 7) negative latent period, 
a curve was the obvious fit. (Stopford’s data _ Inaris 

give remarkably good lines provided that the readings for extensor 
are omitted. He records this muscle as recovering in advance of e. e 
communis digitorum. This is not to be expected anatomically nor, 

1 Here it is necessary to remind the reader that the term axonotmesis in 

pathological entity so much ns a whole scries of conditions mnswg to dnmago 

which the injury damaged only the axons leaving epi-, pen-, an en o ^ of com- 

severc enough to break up the endoneural connective tissue to ““ 7 ’/, „\“tho „erve is in 

ylete division. The features common to aU ^des of “ 7 "°“ of recovery is so 

continuity, (2) that regeneration occurs spontaneously, ^d (3) t i 

,b.. o.. b.. b.i,.„,b.. »«t of .b. V .rV, 

The variations in the extent of the damage are, howev^, reveal - 

before regeneration begins and perhaps by vanations m the rat reg 


cm 

301 


20 


10 
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7 
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eiperieDce, does it occtu. And it is so diffictilt to be certain of a nunimal 
coQtraction in this mnsclc that -n-e feel justified in ignoring readiugs that are 
such obvious misfits.) 

It is at once apparent tbat tbere are remarkable variations in rate, even for 
lesions of tfie same nerve and, if anything, even greater variations in the 
‘latent periods’.' It may be possible, vrhen more data are available, to explain 
these variations in terms of the severity of the damage and the intraneural 
Scarring resulting from it. But it is important non" to note that in seven of 
onr cases the latent period, as calculated by extrapolation, falls on the negative 
side of the time axis. This is a manifest absurdity rrhich forces one to the only 
possible conclusion that in these cases the process of regeneration progressed 
at more than the calculated rate during the early days. From this it folio vrs that 



6. .Graph of motor regeneration from data given for Stopford’s cate S; radial satwre. The 
latent period cannot be estimated since the exact level of the lesion traa not given. 


doubt must be thrown on the validity of the calculated latent period in those 
fases in which it is a positive quantity; the early rate in these cases may well 
have been faster too, and the true latent period longer than that calctdated. 
It is clear, then, that although the curve of regeneration may approximate to 
a straight line over a very considerable period, there is evidence too weighty 
to be ignored that the process conforms more or less to that found in iTther 
aids, namely, that the rate of regeneration decreases as the process approaches 

completion. , 


Hence, the representation of the rate of regeneration by a straight line must 
e taken as nothing more than a sample of a curve the exact form of which 
be determined by direct observation. If thus be borne in mind there 
be no temptation to estimate the latent period by extrapolation. The linear 
rate’, inexact as it is, has, however, some value in elucidating the behaviour 
0 lesions of different types, and in the discussion of results the°appareiit linear 
rate wiU be nsed freely. 
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Table 3. Eadial nerve : asonotmesis 



Mean rate 

Lat. per. 

Mean dirt. 

Case 

mm./dny 

days 

cm. 

AND... ■ 

1-92 

69 

11-3 

ARN... 

0-96 

- 16 

21-8 

BOS... 

1-29 

79 

43-2 ' 

BUT... 

Non-linear 



CRA... 

1-30 

26 

23-0 

CRO... 

1-37 

186 

17-2 

LAM... 

1-72 

29 

18-2 

MIT... 

0-70 

218 

7-7 

MOG... 

104 

- 40 

■ 44-6 

PAV... 

Non-linear 



PIC... 

1-56 

71 

18-6 

RIC... 

2-09 

103 

16-9 


Average; 1'46±0-13 mm./day. 


Table 4. Radial nerve : suture 


Case 

Mean rate 
mm./day 

Lat. per. 
days 

Mean dirt, 
cm. 

FOG... 

0-90 

132 

26-4 

HIN... 

2-42 

161 

11-9 

MUL... 

1-67 

136 

16-6 

NAN... 

■ l-Ol 

08 

9'0^ 

RIC... 

100 

80 

22-9 

RUF... 

1-2C 

166 

0-6 


Average: l'67±0-20 mia./<^ay. 


Table 6. Radial nerve: suture (Stopford’s cases) 




Bate 



Rate 

Case 


mm./day 

Case 


mm./day 

1 

Lower 

0-49 

27 

Middle v 

0-45 

2 

Lower 

0"74 

28 

Middle 

0-60 

6* 

Lower 

0-49 

29+ 

Middle 

1-03 

0* 

Lower 

0-60 

32 

Middle 

0-73 

7* 

Lower ' 

0-68 

41 

Middle 

0-45 

8 

Lower 

0-41 

62 

Upper 

0'73 

9 

Lower 

0-59 

• 63 

Upper 

0-40 

26 ' 

Middle 

073 





Average: 0-6C±0'03 mm./day. 

• Clearly curvilinear. t Rata poor; omitted in calculation. 


Table 0. Other nerves 


Case 

Nerve 

Lesion 

Mean rate 
mm./day 

Lnt. per. 
days 

Mean dist. 
cm. 

PAT... 

Ulnar 

Asonotmesis 

0-95 

-no 

33'5 

27-8 

32-7 

27-3 

49'8 

19-8 

49-5 

DOO... 

Ulnar 

Suture 

1-33 

52 

HOL... 

Ulnar 

Suture 

1-05 

2 

BAR... 

Median 

Axonotmesis 

0-94 

— 65 


Tibial 

Axonotmesis 

0-90 

-218 

SCA... 

Peroneal 

Axonotmesis 

l-6j 

87 

IVEB... 

Peroneal 

Axonotmesis 

1-38 , 

— 48 

Averages ; 

all cases of aionotmesis 1-30 ±0-10 

mm ./da; 



^flTford) 

1«48±0-16 mm-/day. 







Peroneal 


Pain : Peroneal 


7» Case BEK.., (see also Pig. 9); sciatic suture. There is an appreciable difference between, 
the rates of regeneration in the two divisions as calculated from the advance of TineVs ogn. 
Bccovery of pain sensibility also shown. In each case the apparent latent period is a negative 
quantity. 


, ’UUiar - 
^Median 


Hvpotliciurb O 


VJ 

y / 


^F.D.P. 

/O F.C.U. 


>?• 8. Case HOL...; suture of median and ulnar nerves in the upper third of the arm. There ig 
a difference between the rates of regeneration in the two nerves' as calculated from the 
advance of TineVa sign. Rate of motor recovery in the ulnar nerve also shown. 
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Regeneration as measured hy Tinel’s sign 

This has long been a favourite method, and in a few cases where Tinel’s 
sign advanced with notable reg^arity .after nerve suture we have constructed 
graphs showing the rate of regeneration. The eliciting of Tinel’s sign is the 
clinical equivalent of the experimental ‘pinch’ method of Young & Medavar 
[1940], only one would expect that a greater density of fibres would be required 
to give a response to tappiiig over the nerve than to give a response to a firm 
pinch of the exposed nerve : the wave front for Tinel’s sign should therefore 
lag behind that for the pinch method, but be well in front of that for motor 
and sensory fibres that have advanced to functional maturity. 


7.V.4I 


Progressive recovery of sensibility 

The exact pattern of sensory recovery is still a controversial matter, but 
three weU-defined phases are now known: 

(а) Marginal shrinkage due to ingrowth of fibres from surroimding nerves 
[Pollock, 1920; Weddell, Guttmann & Gut- 

mann, 1941], 

(б) Eegeneration in the damaged nerve 
manifest clinically as recovery by circum- 
ferential shrinkage, well seen in areas such 
as that supplied by the cutaneous part of 
the circumflex nerve. 

(c) Progressive centrifugal recovery in 
those cases which show a long zone of 
sensory loss (Fig. 9). 

Only the' last is capable of fairly accurate 
measurement, and in our work only pain .25.vii.4l 
and touch have been followed. In one way 29. ii.41 
the method is superior to that based on 
motor recovery, for the measurements made 
are accurate for the day of observation 
(whereas only the earliest contraction of 
a muscle is signifiqant) and no reliance has 
to be placed on data obtained by dissec- Fig. 9. Case BEN... jBciatioButi^. ^ 

,. rm. 1- -J.- r i • aT. posite drawing made from senal p 

tion. The himtmg factor is the number ^eoveiy of pain «nfl- 

of cutaneous areas sufficiently large and, bility in peroneal and sural areas, 
more especially, suffifciently elongated to 

enable observations of this kind to be made over any length of time.-But 
examples given are sufficient to show that the method has its uses. 


12.1.42 
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TiBix Tinel'E agn: suture 


Case 

DOO... 

roL... 

BEX... (Fig. 7) 
mu.. (Fig. 8) 



yieaa rate 

Lat, per. 

Xerve 

num'day 

days 

Flnar 

2-25 

S 

Flnar 

1-37 

— -- 

(Peroneal 

2-04 

— 36 

(Ebial 

1-59 

— 76 

iyiedian 

1-75 

— 7 

'(Elnar 

1-26 

-119 


Averace late: 1*71 iniQ.^daT. 


T ititt S. Eecovery of sensibility 


lIodaEty 

Case 

Pain 

BEX...* 

Pain 

BBO— 

Pain 

LEX-.-t 

Tondi 

5ED... 


Xerve 

Peroneal 

Peroneal 

Peroneal 

( Lateral cutaneous 
\ of thigh 

ATcrage rate: 1-OS rnm./day. 


3Ieaii rate 
miCLi'day 
1-23 ’ 
1-19 

Xon-linear 

0-7S 


Lat. per. 
days 
-110 
- Zi 


* Pigs. 7 and 9. t Fig. A 

Ftese figures are too few to merit discussion, but they serre to show the sort of results that may 
be obtained hr plottine the progress of recovery of sen^ility. 


Discrssiox 

Analysis of the data in motor recovery 

The meastnements bettveen trliich a correlation has to be established are of 
bto sets of quantities; the distances, from the site of the lesion, of the muscles 
inuerrated W a damaged nerve ; and the corresponding times, measured from 
the date of the injury or of the operation, at which the muscles give their first 
signs of voluntary contraction. K these two sets of quantities prove to be 
related, as nearly as can be expected, by the curve of a continuous function, 
then it wiH be possible to express our results as a rate of advance of motor - 
fibres of such maturity and in such number as to enable previously paralysed 
muscles to contract. The same applies in recovery of sensibility. 

The general form of the curve of recovery 
In most of our cases the assumption that the rate of recovery is constant over 
tie range of times and distances within which the readings lie gives a verv 
satisfactory approximation to the data. In about half the cases for which a 
straight line gives a good fit. however, the point of intersection of the line with 
the time-axis defines a negative quantity (Table 3 and Fig. 5) ; if the rate were 
constant throughout the whole period of recovery, then the point of intersection 
trould define the latent period before recovery began. A negative latent 
Period would imply that recovery began before the lesion was inflicted or 
repaired, which is clearly absurd. The point of intersection has. therefore,- no 
literal meaning; and the inference is that the rate of recoverv is higher in its 
earlier stages than it is within the range of rimes and distances accessible to 
measurement. 


1 
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This conclusion is reinforced by the small number of cases (BUT..., Fig. 3; 
LIN..., Fig. 4; PAV... and certain of Stopford’s) in which the progress of 
recovery was watched over a comparatively long period — httle short of two 
years. In these cases, purely empirical curve-fitting confirms what is obnous 
to the naked eye, namely, that a curve which is steep at first and which flattens 
out progressively is the only one that can fit the data with reasonable accuracy. 
The exact form of this curve cannot be" determined from data as meagre as 
ours are obliged to be ; but in three cases which have been examined in detail, 
good fits are given by the assumption that the rate of recovery is inversely 
proportional to the square of the time (see Table 9). It should be emphasised. 


Function 

rloKarithmio 

Pol^ominl 

UN. . . J Monomolecular 
' Hyperbola 

Logarithmic 
Polynomial 
Monomolecular 

Hyperbola 
I" Logarithmic 

I Pobmominl 

^Hyperbola 


PAV... 


BUT... 


Table 9 


Equation : y =mm./day 

476-6 log t- 830-4 
9-f 1-4O9/-O-00IO3P 
986-9 - 908-5e-«-”«“’' 

601-1 ' 

307-7 log! -634-6 
18-4 -e0-812t- 0-000386715 
883-2 - 866-6C-® 

313-0-?®f? 

221-8 log 1-309-8 
1-44071 -0-0013331* -70-7 

397 


Latent 

period 

days 

68 

- 6 

- 77 

127 

65 

- 22 
- 21 

81 

25 

63 

117 


Initial 

rate 

mm./day 


3-6 

2-05 

1-4 

1-72 

0-9 

6-48 

4-7 

1-24 

2-4 

1-35 

0-8 

1-38 

08 

1-39 

2-6 

1-68 

3-9 

8-26 

1-3 

3-32 

3-4 

'3-93 

the data ade- 


quately if the constants are suitably chosen. The table demonstrate the 
goodness of fit of four equations which have been widely used in studies on 
growth and regeneration. The third column sets out the value of t when y — > 
i.e. the estimated latent phriod and the fourth gives the hypothetical initia 
rate. The fifth column gives us a measure of the goodness of fit of each equa 
tion, i.e. the sum of the squares of the differences between the values predion 
and those actually observed. The lower the value, the better the fit. 
equations which give negative latent periods must be excluded, so likewis 
the polynomial in case BUT... which gives a maximum within the span o t 
readings. In each case the hyperbola gives an adequate fit, and predicts \ a u ^ 
for the latent periods and initial rates which are consistent with those w c 
have been found in the rabbit (see below). The choice of this curve correspon 
to the assumption that the rate of recovery is inversely proportiona to 
square of the time; but all we shall infer from it is that the rate of regenera i 
is initially as high as 3 mm. a day, and that it falls off progressive y 
and then below a value of the order of 1 mm. a day about 100 ays a 
recovery has started. 
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A third, indirect, method of testing the hypothesis that the rate of recovery 
falls off progressively is as folio vs ; in each case for vhich a straight line gives 
an adequate fit to the data, the best estimate of the rate of recovery is that 
pven by the slope of a line vhich pivots about the point (I, y), i.e. that deter- 
mined by the mean time and the mean distance, and vhich is such that the 
sum of the squares of the differences betveen the values observed and those 
predicted by the equation of the line is mimmal. If, hovever, the regression 
line isfeally curved, so that the straight line fitted to the array of data pro- 
vided^by each case is merely an approximation to that arc of the curve about 
which the points happen to lie, then it should he possible to find a significant 
decline in the estimated rates of recovery as the mean distances y — i.e. the values 
of the points about vhich the lines pivot — ^increase. Alternatively, it should , 



ilean. <listancQ (cm.) tune apan (days) 

Fig. 10, See text. Fig. 11, See text. 


l^e possible to establish a similar correlation betveen tbe rates calculated in 
«aeh case, and the mean time spans (t— / q) over vhich the readings have been 
taken. 

The tvo correlation diagrams relating to the more or less homogeneous body 
of data provided by our estimates of motor recovery after suture are set out in 
Kgs. 10 and 11. The correlation is not technically significant in the test 
illustrated by the former figure, in vhich the estimated rates are plotted against 
the mean distances. This is not surprising; the curve of recovery must be 
yarned to flatten sharply in the dimension of y, so that big differences 
ortween the estimated rates of recovery are associated mith only small 
differences betveen the values of y. On the other hand, vhen ve plot the 
esHmated rates against the mean time spans (Fig. U), this objection does not 
and we find that the chances are about 19; 1 against the correlation 
onserved being due to factors of sampling alone. 

The data from Stopford's fifteen cases of motor recovery after radial nerve 
suture linve been tested in a similar vay. We have attempted to correlate the 

14 
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estimated rates with the mean times, and not with the quantities defined above 
as the ‘ mean time spans because the exact level of the lesion was not specified 
by Stopford, and no value for the latent period {t^ can be obtained. There 
can be no question of the significance of the decline in the rates as the mean 
time over which the readings were taken increases (Fig. 12) ; the chances are 
more than 100 : 1 against such a correlation being due £o sampling factors alone. 

One factor of which we know little may make the decline in rate appear 
more pronounced than it actually is.NThere is a progressive atrophy of muscle 
after denervation, and it is possible that the longer-a muscle has been deprived 
of its nerve supply the longer will be the 
interval between the arrival of motor fibres 
in it and the appearance of the first 
volimtary contraction. Although in many 
cases the most significant atrophy has 
occurred before re-innervation begins, we 
cannot yet estimate its influence; but from 
work now in progress we suspect that it is 
not great in cases of the sort made use of 
here. 

To summarize : over moderate ranges of 
times and distance, the rates of recovery 
may be reasonably assumed to be con- 
stant. That this rate is not constant over , 

the whole period of recovery, but falls off progressively, may be demonstrate 
in three ways: (a) by the fact that the assumption of a constant rate 
throughout leads in many cases to the manifest absurdity of accepting a 
negative value for the latent period ; (6) by the fact that in the few cases where 
recovery has been watched for long periods (600 days or more) the 
regression is obviously curvilinear; and (c) by the fact that the rates, calcula 
on the assumption that they may be regarded as constant over modern 
periods, become lower and lower as the mean periods over which the measiue 
ments were taken become further removed from the time when regeneratio 
started. 

Recovery rates in the rabbit and in man 

In almost, though not quite, all of the data collected by Gutmann 
[1942] for recovery rates in the rabbit, the assumption of a constant rate gave 
an excellent approximation throughout the whole of the time span over ^ 
the observations were made. Furthermore, the rates calculated on 
assumption were much higher (2-5-4'6 mm. a day) than those calculate , usm 


1-0 

-o 

a 

a 

2 

a 
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the same assumption, for man. , 

If we knew that the rabbit, so far as regeneration of nerve was concerneU. 
behaved like man but on a smaller scale, then this discrepancv would almosc 
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defy Boktion; But tMs is not likely to be tbe case ; although it has never been 
proved, it is reasonable to suppose that mammalian nerve fibres of about the 
same order of diameter vrill behave similarly during regeneration, regardless 
of species. The work of Duncan (^193$^ on the size of motor fibres in the rat, 
tke cat, and the corv shows conclusively that the diameter of fibres is not directly 
proportional to the size of the animal; on the contrary, the smaller the animal 
the larger the fibres relative to the total hulk. In other words, the rabbit s 
motor fibres are nbt likely to be very dissimilar in their behaviour from man s; 
and in regeneration the rates observed (being of necessity over a short distance 
—about 10 cm. — and close to the lesion) are comparable with those which the 
calculations suggest obtain in the early stages of regeneration in man (Table 9, 
column 4). The first part of the hypothetical curve in man is comparatively 
steep (Fig. 3). The rabbit has, so to speak, no time to develop a faUing-off 
curve because its legs are not long enough. 

It follows that measurements made in the rabbit can only be made to corre- 
spond to measurements of muscle recovery in man in cases where the muscles 
, lie within 10 cm. of the point of the lesion. For technical reasons, no sufficient 
number pf measurements within this narrow compass have been obtained in 
man; but the evidence we have analysed in the preceding section shows that 
m the earliest stages of recovery a rate of at least 3 mm. a day is to be expected. 
This is fully consistent with the more detailed evidence obtained from the 
rabbit. No doubt the somewhat longer latent periods we have predicted are 
■connected with the greater severity of our lesions, and the more complicated 
nature of the function, voluntary muscle contraction, which we are studying 
[see Gutmann el al. 1942]. 

Rates^ of recovery after different types of lesion 
From what has been said above, it follows that an expression for the 
cverage rate of recovery of some function after lesions of a nominally similar 
type could carry very little weight: our various estimates have been drawn from 
observations made over different spans of time and distance, and the lesions 
grouped together under the headings of suture and axonotmesis are certainly not 
as uniform among themselves as those inflicted experimentally on the rabbit 
However, there is no doubt whatever that the latent period after suture is 
longer than that after axonotmesis (Tables 3-6). There is also gre,ater range of 
Variation (about 300 days) in the calculated ‘latent periods’ after axonotmesis 
^see the ten cases of radial axonotmesis in Table 1— than after suture (about 
90 days)— see the six cases in Table 4. This is in accordance with clinical and 
opemtive observations, for the extent of the damage to a nerve in axonotmesis 
'aned greatly from one case to another [Seddon, unpublished work], whereas 
a local state of affairs after well-executed resection and secondary ’sutoe is 
a tauiy constant one. 
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However, there are two variables in cases of suture too significant to be 
ignored: the time that elapses between injpry and operation, and the severity 
of the stretching needed to lengthen a nerve after resection and suture in those 
cases which require flexion of a joint for satisfactory apposition. It is conunon 
knowledge that undue delay (for more than two years) diminishes the chances 
of successful recovery after suture. The reasons for this decline have not been 
fully elucidatfed though the important part played by the peripheral stump 
has recently been investigated by Holmes & Young [1942], who showed that 
there is a progressive shrinkage of Schwann tubes and decrease in the activity 
of the Schwann ceUs. The decline is almost certainly gradual, and it may well 
be that in a series of cases in which the only variable is the time elapsing 
between injury and suture a corresponding decrement of rate of regeneration 
(and quahty) would be found. Post-operative stretching, if considerable, can 
be so noxious as to make regeneration impossible : it may produce intranenral 
damage of even greater extent than that resulting from the original injury^ 
[Highet & Holmes, 1943; Highet & Sanders, 1943]. This imposes a limitation 
on what can be accomplished after suture of a nerve where there has been 
considerable loss of substance. We know that excessive stretching may produce 
a complete bar to regeneration. It is^ likely, then, that lesser degrees of 
stretching will produce lesser, but perceptible, effects on the process of re- 
generation. These effects might be revealed in three ways : [a) by an increase 
in the latent period, (6) by a slowing of the rate of regeneration, and (c) by 
the poor quality of functional recovery. The first two possibilities could e 
investigated by any of the methods described for calculating rates of regenera 
tion. That there is no correlation between the rates and latent periods after 
axonotmesis is of httle significance. It is not difficult to beheve that after 
axonotmesis the rate of regeneration has httle to do with the time taken or 
fibres to traverse the scar at the site of injury. But the changes after stretc 
of a sutured nerve can be very imdespread and are known to have a deleterious 
effect in reaches of the nerve well remote from the suture line. 

In rabbits [Gutmann et al. 1942] there is a significant difference in the ra es 
of recovery after crushing a nerve (axonotmesis) as compared with those a 
suture; after crushing, the axon tip advances at 4-36 ±0-24 mm. a day, a 
suture at 3-46 ±0-16; after crushing, functional completion advances a 
3-05 + 0-14 mm. a day, after suture at 2-0 ± 0-3. No similar difference ^ . 
found in our series of cases, and that observed by Sharpey Schafer [19 i j 
the experiment performed on himself must be discounted since the I'l ^ 
nerve was not sutured [Norman Dott, personal communication]. Tieie 
two possible explanations for these findings. Axonotmesis, which in t e s ri 
sense means a break in the axons without severance of any supporting s r 
tures, is known for certain only as an experimental lesion Woduced y 
crushinc^ of a nerve with fine smooth-bladed forceps; and it is foUoued hr 
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regeneration of fibres into tbeir old channels vrith a minimum of multiple 
sprouting from the central ends of the nerve fibres. Many cases of axonotmesis 
seen clinically shov evidence, of greater intraneural disturbance , and indeed 
if care is not exercised in the production of the experimental lesion a certain 
amount of damage to supporting structures with consequent fumcular dis- - 
luption may occur. So that although climcal cases of axonotmesis present 
certain features in common (continuity of the nerve, spontaneous regeneration, 
and recovery of such excellent quality that one must suppose that most fibres 
have in fact regained their old paths) the local disturbance may well be such 
that, when regeneration begins, the axons send out many sprouts in the way 
they invariably do after suture. This state of affairs has been seen after experi- 
mental lesions in man [Young & Seddon, impublished work]. If the rate of 
regeneration is an expression of a protoplasmic outflow (which we now regard 
as an essential feature of regeneration of nerve) then there is no reason to 
anticipate any difference between the rates after axonotmesis with severe 
damage and suture, since the behaviour of the axon tips is smular in both. On 
the other.hand, ‘pure’ axonotmesis (such as occurs in man after compression 
of a nerve) may well show a faster rate of regeneration since the regenerating 
fibre is not wasting its substance in useless branching. This question can only 
be settled by further observation. 

Another explanation may be that after a time (perhaps after atrophy of the 
adventitious and abortive sprouts thrown out in the early stages of regeneration 
after suture) the rate of regeneration after suture may become equal to that 
after axonotmesis. As has already been explained, observations as late as 
those recorded in chnical cases caimot be made in the rabbit, and the process 
la probably complete before there is time for any approximation of rates so . 
Manifestly different in the early stages. 

As soon, therefore, as sufficient material is available we propose to find out 
if there is any correlation between the loss of substance after secondary suture 
(and the post-operative stretching is roughly proportionate to the size of gap) 
on the one hand, and the rate of regeneration and latent period on the other. 
The difficulty, which can only be overcome by the collection and analysis of 
• 3 large volume of material, is that the two variables, delay before suture and 
length lost as a result of resection, occur in every case except primary suture 
when both are absent. 

The variations in rate shown in the tables, so far from being discouraging 
ate to be regarded ratber as adumbrations of furtber knowledge of the beha^onr 
of nerves after ininry that may well be of value in clinical practice. 

There is a curious difference between tbe rates in Stopford’s cases of suture 
of the radial nerve and those in our cases. The average for his cases (Table 5) 
IS 0-50 ±0-03 mm. a day, for ours (Table 4) l-o7±0-20 mm. a day Stopford 
(personal communication] believes that the cases in Ms series were operated 
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on at times after primary injury corresponding fairly closely with ours— about 
eight months — and this very striking discrepancy must for the present remain 
unexplained. 

And there are other questions. Does regeneration proceed faster in young 
people? In a case of ulnar nerve suture in a boy of 16 (not included in the 
tables) the motor rate was at least 3 mm. a day. Are there different rates for 
different nerves? In WEB... (Table 6) a peroneal axonotmesis recovered at a 
motor rate of 1-38 mm. a day, the tibial axonotmesis at 0-96 mm. a day. In 
BEN... (Table 7, Eig. 7) Tinel’s sign proceeded with remarkable regularity and 
the rates for the two divisions of the sciatic nerve, were significantly different. 
And yet the lesion was of the main sciatic trunk and conditions at the suture 
lin e identical for both components. There is a similar discrepancy in 
(Table 7, Eig. 8), a case of suture of median and ulnar nerves in the upper t ' 
of the arm, carried out under very good conditions one month after the ongma 
injury. In this case there is the further difficulty that the motor rate was 
almost as fast as that for Tinel’s sign. 


Clinical applications 

Neurolysis?- A favourite operation for axonotmesis is neurolysis, and many 
recoveries have been placed to its credit. In delayed traumatic ulnar neun is 
this claim is justified because one removes the nerve from an environmen^ 
which in the course of months or years was responsible for the gradua o^^ 
of degenerative changes. But in acute lesions the position is different. ^ 
nerve is damaged at the time of the accident; later, at operation, it is oun 
embedded in scar tissue. To what extent is this scar tissue a bar to regen 

tion? Has the nerve not only been crushed by the first violence, but preven 

from regenerating by an encircling collar or sheath of fibrous tissue, t ® ^ ^ 
of which would permit the growth of fibres into the peripheral segmen 
nerve? The findings at operation are sometimes impressive, the scar iss^^ 

is most extensive and the nerve appears to be strangulated. It is also re 

able, in cases where operations are performed for other conditions in ir 
the nerve trunks of a limb are fimctionally normal, how well a nerve ^ 

encasement in the dense scar tissue seen during the course of tlm ope 
An d there are several cases in our series where exploration revea e a a 
nerve in the most unfavourable surroundings and yet bipolar fara c s 
tion produced contraction in muscles which, clinically, were 
paralysed; regeneration had already begun in spite of the ur en o 
tissue or burial beneath caUus. AVe thought it „j.own 

axonotmesis not to attribute recovery to neurolysis unless i co ^ 

1 We refer hero only to external neorolysie, not to tte ‘to 

tissue from the interior of a nerve trunk or the longitudinal mcaion of the damaged cgm 

relievo tension'. 
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leyond doubt by tbe calculated rate of regeneration that tbe process bore 
some sort of relation in tune to tbe performance of tbe operation. Even if 
such relation ■were found, and tbe operation bad been performed fairly soon 
after the injury, tbe beginning of recovery might still be coincidental. Judged 
by this criterion, no single case of axonotmesis bas benefi.'ted from ne'urolysis 
or, as 'ue now prefer to call tbe operation, exploration: by this criterion re- 
covery was spontaneous. This test may perhaps be 'too rigid, but on tbe other 
hand the claims made for tbe operation have been q'uite fantastic in face of 
the known tendency of axonotmesis to recover spontaneously. As Platt [1924] 
Bays; ‘It is difficult to prove that tbe process of regeneration per se is delayed 
or even completely retarded by its (perineural fibrous tissue) continued 
existence. It is still more difficult to prove that, after tbe removal of such 
external scarring, tbe occurrence of recovery is necessarily due to tbe operation 
alone.’ ' 

Prognosis. To tbe clinician, some knowledge of rates of regeneration is of 
great importance. If there are grounds for suspecting that recovery should 
occur spontaneously (e.g. in closed fractures of tbe bmnerus, radial paralysis 
js generally due to axono- rather than neurotmesis) tbe first sign of recovery — 
a flicker in brachioradialis — should be expected ■within a certain period. Even 
with closed lesions, it is usually not difficult to make a rough estimate of the 
level of damage; tbe point of entry of tbe nerve into the most proximal muscle 
IS known' (see p. 196); and tbe rate of regeneration is about 1-4 mm. a day. 

A simple calculation gives tbe estimated time for tbe appearance of the first 
flicker, and one may add, say, six or eight weeks for an unduly long latent period 
or a rate of regeneration that is below the 'average. If there is then no sign of 
recovery exploration should be considered, for the nerve may, in fact, be 
divided in which case further delay is time wasted. It sometimes happens 
that one suspects the soundness of a nerve suture : something may Ije known 
to have been faidty (wound infection, too rapid post-operative stretcbing), or 
the operation may have been performed elsewhere ■under conditions that did • 
not make for success. AVill recovery occur? Here again a simple calculation 
will give some indication of the time that must elapse before the first sign of 
recovery is to be expected; the rate is much the same as after axonotmesis 
hut a bigger allowance should be made, say two to three months, for the latent 
period. 

SUSIIIAKT 

1- The paper describes observations on the rates of recovery of sensory and 
motor functions in man after peripheral nerve lesions of different types. 

’2. After the interruption of a nerve, the muscles normally supplied by the 
part that lies peripheral to the lesion return to functioning in the anatomical 
order of their nervm supply. An estimate of the rate of motor recovery may be 
obtained by recording the times at which the muscles show their first signs of 



214 


H. J. SEDDON, P. B. MEDAWAR AND H. SMITH 

voluntary contraction, and by making use of specially collected anatomical 
data showing the distances at which they he from the level of the interruption. 

3. The rate of sensory recovery may be calculated by measuring the advance 
of pain and touch sense in a long zone of cutaneous insensibility. 

4. The rate of advance of Tinel’s sign, though of limited functional signi- 
ficance, has some prognostic value and provides an additional method for the 
study of sensory recovery. 

6. The rate of recovery falls off progressively as the process moves towards 
completion. It can however be regarded as constant over the moderate ranges 
of time and distance over which the process was recorded in the great majority 
of the cases described. The following average estimates have been obtained 
for the rate of motor recovery. In the radial nerve: after suture 1-6 ±0-2 mm. 
day- after axonotmesis 1-5 + 0-1 mm. day. In aU nerves studied: after suture 
1-6 ±0-2 rJtm. day; after axonotmesis 1-4 + 0-1 mm. day. The average rate of 
advance of Tinel’s sign after suture has been found to be 1-7 mm. day. Other 
estimates of sensory , and motor recovery have been calculated from less 
'complete data of our own and from the data of Stopford. 

6. The principal variables that affect clinical estimates of the rate of 
recovery are, after suture: the interval between injury and repair of the nerve, 
the state of the stumps at the suture line, and the amoxmt of damage inflicted 
by post-operative stretching in cases where extensive resection before suture 
ha& proved to be necessary. After axonotmesis : the extent of the damage to 
supporting structures within the trunk of the nerve. 

7. IVhen estimates have been corrected for the greater range of times an 

distances over which recovery in human cases can be recorded, the rates o 
recovery in man are not found to be greatly different from those estimate 
by more precise methods in the rabbit. . 

8. Studies of the rate of recovery in man are of value for the prognosis o 
nerve injuries and for judging the efficiency of the various types of operation 
used for their repair. 

We are indebted to Air J. Z. Young for scrutinizing the manuscript and making several vain 
suggestions. 
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REFLEX VASO-MOTOR RESPONSES OF 
THE PAW OF THE CAT 

By C. B. B. DOWNMAN, A. F. GOGGIQi, B. A. McSWINEY 
AND M. H. C. Y0IING2 

From the Sherrington School of Physiology, St Thomas's Hospital, London 

I 

{Received 6 March 1943) 

Jffallion & Conte, as early as 1894, using plethysmographs, recorded on a 
smoked drum the volume changes occurring in the fingers and feet. They 
showed that a decrease of volume followed a nocuous stimulus or a deep breath 
and concluded that these changes represented active reflex vaso-eonstnction. 
Since that time many records have appeared m the literature, but it is only in 
recent years that observers have introduced more sensitive methods 0 
recording volume changes. Information about the methods which have been 
introduced can be obtained from papers by Goetz [1935], Stiiiup, Boltoni 
Williams & Carmichael [1936] and Hertzman [1937]. 

In the following investigations a sensitive method has been used similar to 
that described by Sturup et al. [1935] to record the changes in the paw volume 
of cats. Small changes of volume are easily recorded and the time relations 
of the change accurately charted. We consider that the method will give 
information of the mechanisms of vaso-oonstnction both at the periphery an 
at the reflex centres. A short summary of this work has been publis e 
previously [DownmaU) Goggio,''McSwiney & Young, 1939]. 

Method 

Glass plethysmographs of about 60 c.c. capacity were applied over the paw 
of the cat, reaching up to the wrist joint of the front paw and over the grea 
part of the metatarsus of the hind paw. The plethysmographs were coMec 
to a brass capsule with rubber tubing, a side tube controlled by a sprmg c 
allowing for equalization of pressure when necessary. A ligh’t plane mirror 
polished silvered glass was mounted eccentrically upon a thin rubber meni 
brane covering the end of the capsule. A beam of light was projecte t 
a vertical slit on to the mirror and the movements of the^ reflected beam v er 

recorded on photosensitive paper. 

' Ellen Jlickle Fellow of Univereity of Toronto. 

= Killed while on active service in the Boyal Novy. 
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The Bensitivity of the system coxild be' varied within wide limits by using 
rubber membranes of differing thickness on the capsules. It was most con- 
Tenient to use a membrane which gave a deflexion equal to the width of the 
camera slit (58 mm.) for a volume change of 0'03— 0*05 c.c. A less sensitive 
membrane ^would not record very small changes of volume; with a more 
sensitive membrane the deflexions due to each heart beat became incon- 
veniently large. 

Systemic blood pressure was recorded optically from the central cut end of 
a carotfd artery. The arterial caimula was connected to a metal capsule carrying 
a thick rubber membrane with a stainless steel mirror attached; the mirror 
deflected the beam of light on to the camera slit. The system was filled with 
normal saline containing carrageen as anti-coagulant [Eisner^ Eraser & 
Burgel, 1937; Eisner, 1938; Little, personal communication]. 

Besphatory movements were recorded optically by means of a rubber 
balloon held in contact with the epigastrium. 

Typical calibration figures were of the following order; 

Volume of glass plethysmograph 55 c.c. 

Volume of connecting tube and capsule 11 c.c. 

, 66 c.c. 

Volume of tissue in plethysmograph 30 c.c. (hind paw of 2-7 kg. cat) 
Dead space ’ 36 c.c. 

The volume of tissue enclosed varied with the size of the animal, but was 
of the same order of magnitude for all animals. 

Plethysmographs shaped to the form of tissue under investigation were 
also made by the following method. X-ray films were cleaned in hot water 
and the base dissolved in acetone to form a viscous solution. A layer of 
artificial silk-stocking material was appbed to a wax model of the tissue and 
then painted over with the solution. When dry, alternate layers of fabric 
and solution were applied until a wall 2-3 mm. thick had been bruit up; the 
n’as was scooped out and a glass side tube was cemented into a hole bored 
through the wall. The resulting structure was very rigid and yrithstood bofling. 
Ibis method is rapid and can be adapted to produce any desired shape. 

I 

Anaesthesia 

In the majority of experiments urethane (1-5 g./kg. body weight), nembutal 
(SO mg./kg.), or pernocton (OA c.o. 10 % solution per kg.) were used to produce 

anaesthesia. In a few cases anaesthesia was maintained with chloralose or 
dial (Ciba). 

- Erethane was administered intravenously or subcutaneously. In the former 
case preliminary ether anaesthesia was given, and the trachea cannulated 
e anaesthetic was made up in normal saline as a 20 % solution. It was 
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seldom possible to administer the full dose in less than 30 min. owing to 
respiratory difficulties attendant upon a faster .rate of administration; at a 
later stage in the experiments the respiratory rate was often very higti 
re'aching 120 per min. in some animals. Reduction of the dose produced 
satisfactory anaesthesia but good vaso-motof“ responses were not obtained 
from the paws. In some animals responses were obtainable after about 6 hr. had 
elapsed from the intravenous injection of urethane. After a further period of 
about 2 hr. sensitivity was'usually lost, and did not return. The respiratory 
difficulties consequent upon the use of intravenous urethane could generally 
be avoided by giving the samd dose subcutaneously. We found that these 
animals were more sensitive to weak afferent stimulation than were those in 
which urethane had been given intravenously. The disadvantage of this 
method was that it was generally necessary to wait for 10-14 hr. before a 
response could be ehcited; the period of sensitivity lasted shghtly longer than 
in the case of intravenous urethane. 

• Nembutal was dissolved in normal saline and administered intraperitonea y, 

deep anaesthesia was obtained within 10 min. In some animals reflex responses 
were obtained wifhin 1 hour, but in others it was necessary to wait up to 
3 hr. The animals were sensitive to weak afferent stimulation, and oncesensi 
tivity had appeared it did not pass off within the time required for the 
experiments (about 8—10 hr.), though in some animals anaesthesia became 
hght towards the end of this period. 

Pernocton (supplied in 10 % solution) was diluted with 6-10 times 
volume of normal saline and administered intravenously under ether a 
aesthesia. A slow rate of injection (2 c.c. diluted solution per minute) ^ 
difficulties with respiration. Reflex responses were usually obtainable wi 
2 hr. of administration of the anaesthetiu; after a further variable time i 
usually found that anaesthesia became too light, and the reflex responses 
lost. In these circumstances a second injection of pernocton (equa to 
quarter of the original dose) generally restored both the required ep 
anaesthesia and the reflex responses. . 

Positive results were also obtained with chloralose and dial anaes ^ 
The chloralose (76-80 mg./kg. body weight) was injected as an 
2 % solution in saline into the femoral vein exposed under preliimnary 
anaesthesia. Dial (Ciba) 0- 65-0-70 ml./kg. was injected intraperitonea y ^ 
our hands, however, these anaesthetics were not as reliable as t e o • 
few of the animals remaining sensitive ovmr long periods. th of 

On the whole pernocton gave the most satisfactory results, t e ep 
anaesthesia being more easily controlled than when using methane or nem 
The use of nembutal had the advantage of dispensing wit pre immary 
anaesthesia and avoided the possibility of the accumu ation o mucus i 
respiratory tract. 
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Kestjlts '' 

Sensory stimnlation caused a sliarp decrease of volume of tie pavrs of an- 
aestietized and of decerebrate cats. Tie decrease of volume reacted its 
ma xinuiTn in a stort interval of tune and was followed by a slow return to tie 
initial volume. In a sensitive ■animal tie responses of tie front and bind paws 
were synclironous. In some animals, however, tbe responses were limited to^ 
the hind paws, tbe front paws showing no change of volume. The decrease of 
volume of the paw was accompanied by a diminution of the amplitude of the 
pulsations, the return to the initial volume by an increase of amplitude up to 
its original size. 



Fig. 1. Change of volnme of front' and hind pavrs following pinch of central end of cnt left radial 
nerve. The smaller regular waves correspond with respirations. Urethane anaesthesia. 
Pinch at tignal. l?J'J‘.=nght front paw; i?.fij’.=right hind paw. Arrows show direction 
of increase of Tolume. Time in seconds. 

The volume change could be elicited by many types of stimulus, such as 
a noise, pinching the skin, irritation of exposed nerves, manipulation of the 
wscera; flicking the pinna with the finger was found to he a good test for 
sensitivity. In spite of the variety of stimuli there was no difference in the 
form or time relations of the responses. 

Nature of the response 

The diminution of volume is not caused by reflex movements; similar changes 
'^ere obtained in the cumrized decerebrate animal. The response could have 
teen due to increased circulatory adrenaline, but this explanation cannot be 
accepted, because the latent period was too short, the decrease of paw volume 
after intravenous iniection of adrenaline never taking place in less than 7-5 sec. 
furthermore, the removal of both adrenal glands did not alter the response 
lu magnitude or time relations. 

The response is not secondary to alterations of blood flow to the limb 
ecause clamping of the common iliac artery, though modifying the response’ 
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did not prevent its occurrence in the ipsUateral hind pa'vr. The volume change 
is also independent of alterations of systemic blood' pressure. It usuaUy 
preceded the recorded pressure changes in time, and was not apparently 
influenced by the direction of the change. In sonie animals it was accom- 
panied by a rise, in others (especially under urethane) by a fall, and in some 
experiments there was no apparent change of blood pressiure in the carotid 
artery. 



Kg. 2. Volume changes of left ftvjnt and hind paws taken on more rapidly moving paper to shon" 
length of latent period. At beginning of signal line the central end of the cut radial nerve 
was stimulated by a single break inducoh shook, using a Lucas pendulum. Pemocton aoaes 
thesia. Time in seconds. 

Fig. 3. Volume changes of hind paws following injection of 1 pg. adrenaline in 1 ml. saline into left 
radial vein during signaL Pemooton anaesthesia. Time in seconds. Smaller pulses of ng 
paw are due to use of stiffer rubber membrane carrying mirror. 

A tight rubber ligature round the paw immediately proximal to the pads 
abolished the change of paw volume. This may be explained by the arrest of 
the circulation through the 'pads by the mechanical effect of the ligature. The 
abolition of the response is unlikely to be due to local damage to nervous paths, 
because release of the ligature was followed by its immediate return, the 
pad of one digit was left out of the Ugatrure the response was not abolished, 
showing that the previous results were not due to inhibition 'of nervous centres 
by the nocuous stimulus. 

. It is concluded, therefore, that the change of paw volume represents an 
active constriction of the vessels of the pads. Other possible causes, such as 
movement, changes of blood flow to the limb, and activity of the adrena 
glands, have been controlled. 
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Features of the afferent side of the reflex arc 

The vide range of effective stimuli lias been referred to. A flick vitb tbe 
finger or a pinch of the puma, pinching the skin of the body and loud, sharp 
sounds vere effective. When using a Lucas pendulum it was necessary to 
remove it to another room as the sound of the fall of the arm was an effective 
stimulus to sensitive animals. Centripetal stimulation of the cut radial, 
saphenous, sciatic, vagus or splanchmc nerves was effective. The nerves were 
stimulated by pinching, faradization, or by single break induction shocks 
using the Lucas pendulum. The vagus was stimulated in the neck and the 
splanchnic nerves below the diaphragm. The response was also elicited by 
pulling on the' root of the mesentery, distending a balloon in the pylorus 
(pressure 50-80 mm. Hg) or by pinching the small intestine. 

When a graded series of induction shocks was given to an afferent nerve, 
increasing the current strength caused the decrease of paw volume to become 
matimal, but the blood pressure might fall, rise or show no change, farther 
increase of current strength caused no greater decrease of paw volume, but in 
some animals a previous fall of blood pressure was converted to a rise, or an 
easting rise augmented. 

In a series of experiments the response was elicited by stimulation of the 
central cut end of a cutaneous nerve with weak faradic current. Increasing 
the duration of the stimulus up to approximately 60 sec. made no difference 
to the duration of the responset return to initial volume occurring during 
Simulation. When the strength of the faradic current was increased above 
a limiting value an increase in the duration of the stimulus now caused in- 
creased duration of the response, paw volume not returning to its base line 
ttntil after the cessation of the stimulus. 

Spmal nerve roots were exposed in the lumbar region by laminectomy. 
Single break shocks, faradization and pinching the central cut end of a dorsal 
root caused decrease of volume of both hind paws. Stimulation of the peri- 
pheral cut end of the root did not produce a response. 

It is seen that the reflex can be elicited by stimulation of afferent nerves and 
end-organs situated in many different parts of the body. 

, Efferent pathmysfor the reflex 

Section of the sympathetic pathway to the forelimb, either by removal of 
ne stellate ganglion or section of the thoracic sympathetic cKain proximal to 
e ganglion, abolished the response of the ipsUateral front paw. Stimulation 
0 tPe distal cut end of the chain or pinching the stellate ganglion produced 

of lumbar sympathetic ganglia 

■shed the responses of both hind paws. Stimulation of the distal cut end 
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of either chaia below this level caused decrease of volume of both hind paws, 
after the spinal cord of the lumbar region had been destroyed. 

Stimulation of the distal cut end of a mixed nerve supplying the limh also 
caused responses of the corresponing paw in the curarized decerebrate cat. 

Pinching the first, second or third anterior spinal roots of the lumbar 
region ehcited a decrease of volume of the ipsilateral hind paw. The response 
persisted when the posterior roots were severed, and also when the cone- 
sponding segment of the cord was isolated and spHt in the mid-line. These 
results show that the impulses pass centrifugaUy, and that the response is not 
set up by impulses passing back into the cord. 



Fig. 4. Abolition of volume change by removal of right stellate ganglion. At signa ra ^ 
—central end of cut left saphenous nerve. Volume of fix>nt paws; blood pressure reco 
central end of cut left c^L^otid artery. Tim© in seconds. Urethane anaesthesia. 


It is concluded that the reflex vaso-constriction of the pads is me a ^ 
the efferent side through the sympathetic system. The fibres leave t e 
in the anterior roots, pass into the sympathetic chains and reac 
pads after traveUing along the mixed nerve trunks. Precise defindion ^ 
course and relay stations of the fibres was not attempted. The a 
response to stimulation of the peripheral cut end of a dorsal nerve root s 
that there is no efferent pathway mediating vaso-constrictor reflex^ o 
paws along the sensory nerves. At the same time no vaso (h ata . n 
produced but this may have been due to the vessels being alrea y m - 


dilated. 

■ ^ 'Time relations of the response 

In our experiments the reflex response had a latent period of 0 5- 
Considerable variations were noted from time to time in the same 
stimulation of the same afferent nerve, these variations depenchug mamly 
altered conditions of the peripheral blood vessels. w , 5 jn 

alteration of the latent period by a. mnch ae 0^5 
tone of the vessels, the latent period being shorter 
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tricting at the time of the stimulTis and longer if they Treie dilating. In a 
ypical experiment the latent period vras 0-67 sec. when the vessels were con- 
tricting and 1-12 sec. when they were dilating; these figures are averages of 
everal observations taken over a short period when little variation occurred 
n each group. The latent period was increased by deepening the anaesthesia 
)r by exhibiting curarine. rollowing the latent period the paw volume 
lecreased rapidly, reaching a minimum in 2'5— 10 sec. The_time taken for 
return to the initial volume ranged from 8 to 50 sec. 

The volume changes consequent upon direct stimulation of the sympathetic 
efferent pathway have the same general form and time relations as the reflex 
response. The stellate ganglion and the lumbar sympathetic chains were 
stimulated by pinching or by break induction shocks. After a latent period the 
volume reaches a minimnm rather more rapidly than the reflex response ; the 
minimum was attained in an average time of 3*2 sec. from the beginning of 
the change (range 0-8-6 sec.) against 4-2 sec. (range 2-5-10 sec.). The differences 
between the reflex and direct latent periods will be discussed in the next 
section. ' 

Central reflex time 

The latency of the reflex response was invariably greater than the latency 
of the response to direct stimulation of the sympathetic chains. The error 
mcurred by including the time of conduction along the afferent nerve was less 
than the error of the method; altering the length of nerve involved did not ' 
appreciably alter the latent period. 

A survey of the observations showed that the shortest differences recorded 
'rere of the order of 0-4 sec. The method involved the estimation of the latent 
period before and after the exposure and section of the chains; although care 
was taken that the state of the vessels was apparently the same during corre- 
sponding observations, there was sufldcient variation in the periphery to make 
many of the times much longer. It is clear that accurate estimates of the 
central reflex times require a method which will allow more rigid control of 
these factors. 


Summation 

Single break induced shocks were given to nerve trunks at intervals of 20 
and 50 m./sec. Spatial summation of responses was indicated when subliminal 
and submaximal stimuli were applied to the same or to different sensorv nerves 
The same result obtained on stimulation of preganglionic and postganglionic 
fibres to the hind limb. The preganglionic fibres were stimulated in the l^bar 
chains, while the postganglionic were stimulated by applying the two electrodes 
to the distal halves of the cut scihtic nerve after splitting the nerve lonm- 
tudinallv. 

^ At present it is not possible to discuss the significance of these findings, 
‘-pontaneous variations in the periphery precluded the construction of accurate' 
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curves relating summation of effects to stimulus interval. Further analysis is 
needed to define the site of summation and the factors underlying its pro- 
duction. , 

Discussion 

Using a sensitive optical recording method Tve have found a short-lived 
volume change in the paws of anaesthetized cats following many types of 
sensory stimulation. The records of the volume changes show the same spatial 
and temporal features as the records of digital volume changes in man. 
Stiirup et al. [1936] find a latent period of 2-3 sec. in man, while in cats the 
duration is 0-6-2-0 sec. ; other investigators have not recorded their findings, 
but from the published records the latent period is in all cases a matter of a 
second or more. Following the latent period there is a sharp decrease of 
volume, followed by a slower return. So strong are the resemblances between 
the records obtained from man and the cat that one is tempted to assume that 
identical physiological phenomena are being recorded in the two species. 

The basis of the response is a vascular change. Skeletal muscle activity was 
precluded by the use of curarine, and the only means of producing such rapid 
changes of volume is by shift of fluid from the paws. HaUion and Conte 
deduced an imderlying vasoconstriction from the accompanying change of 
shape of the arterial pulse tracing. Hertzman & Dillon [1939] and Burton 
[1939] emphasize the decrease of amplitude of the pulsations accompanyng 
the reduction of volume, and it can be seen in the published tracings of other 
workers, Wilkins, Doupb & Newman [1938], Burton [1939], and Burton ' 
Taylor [1939], have shown that there is a reduction of inflow of blood into t e 
finger during the decrease of volume. More direct evidence is provided y 
Mulinos & Shulman [1939]; from direct observation of the capillaries of t e 
nail bed they concluded that the reduction of flow depended upon some 
happening on the arterial side of the capillary. The persistencp of the v olume 
change when the main artery to the limb was occluded, found also by Boltoii) 
Carmichael &; Stiirup [1936], and Lieb, Mulinos & Taylor [1936], indicates t 
the change of volume is not secondary to a reduction of blood flow above 
level of the paw itself. Our evidence is that the greater part, if not the w i 

of the v^olume change arises in the pads. We may deduce therefore that 
volume change is dependent upon a change in skin v'essels. The precise 
of this change and the relative part played by the different vmssels rema 

to be cleared up. . . • 

There can be no doubt that the vaso-constriction is of neurogenic ongi 
Not only does it occur with the limb circulation temporarily stopped u a 
in the acutely adrenalectomized animal. Furthermore, the Intent perm o 
vaso-constriction caused by a constrictor drug (adrenaline) inj^te in o 
internal jugular vein was in our hands never less than 7-5 sec. Final y, i 
ruption of the nervous pathway abolishes the response. In man, for e.vample, 
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Stump el al [1935] and Peters [1939] could not obtain the response in the 
finger following armlsion of the brachial plexus, and we have found that the re- 
sponse is abolished by section of the sympathetic chain at the appropriate level. 

The connector neurones leave the spinal cord with the anterior roots. 
Centrifugal stimulation of anterior toots in the lumbar region caused decrease 
of volume of the corresponding hind paw while centrifugal stimulation of the 
cut posterior toots did not. Section of the sympathetic supply to the Umb also 
abolishes the response. We have found that removal of the stellate ganglion 
or the lumbar sympathetic chain prevented the change of paw volume although 
Btimulation of the peripheral cut end of the nerve demonstrated that the 
vessels were still reactive. Stiirup ef al. [1935], Bolton et ah [1936], and Burton 
[1939] have found that cervical or lumbar ganglionectomy is followed by 
absence of vaso-constriction of the corresponding digits. The impulses then 
pass down fibres in the somatic nerves; we have found that stimulation of the 
peripheral end of the cut sciatic nerve produces a decrease of hind-paw volume. 
Mahnejac & Haimovici [1936] showed that in dogs section of the nerves to the 
muscles and veins of the hind limb decreased the change of paw volume, and that 
subsequent denervation of the arterial walls abohshed the small residual re- 
sponse. The experimental findings indicate that the impulses leave the cord, pass 
into the sympathetic chain and are relayed out to the paw or digit along fibres 
which run in the somatic nerves. This course represents the final common path 
of the reflex vaso-constriction in both man and cat. The work of Mabnejac & 
Haimovici [1936] shows that a small part of the diminution of paw volume may 
be dependent upon the peri-arterial nerve net. Bearing in mind the conclusion 
if Gilding [1932] that this sjunpathetic plexus does not conduct impulses to 
he peripheral vessels, it seems probable that the small decrease of volume is 
secondary to a constriction of the main artery due to impulses conducted along 
this pathway. The majority of the conducting fibres, however, run in the 
somatic netvms. Applying further the conclusions of Gilding [1932] it seems 
that these fibres leave the main nerve trunk to reach the pads or digital skin 
m the local sensory nerves, but no direct confirmation of this is recorded. 

Stimulation of cut posterior roots produced a response only when the central 
end was stimulated; no change in paw volume followed stimulation of the 
peripheral cut end. As we have pointed out, the absence of .dilatation may have 
been due to an already maximal dilatation of the sldn vessels. Thq anaesthetic 
Itself may have played some part in this; de Waele, van de Velde & Braeye 
[1933] have shown that deepening of ether narcosis aboHshes the classical effect 
The pathway through the central nervous system has not been traced. Bolton 
I Ilhams & Carmichael [1937] found that in two cases of spinal cord lesions 
lore was no evidence of reflex activity through intact sympathetic gan^h’a 
lone hut that a path in the cord is involved, while Bolton et al [1936] showed 
'■V total transection of the cord by crushing in man prevented the appearance 

,15—2 
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of the reflex to deep breathing below the lesion level. We have not, however, been 
able to demonstrate a reflex pathway confined to the spinal cord. Certainly 
destruction of the cord abolishes the responses but so also does aeute section 
in the cervical, dorsal, or lumbar regions in the anaesthetized animal. The 
cause of this may be, on' the one hand, the acute upset of the cord. Sher- 
rington [1906] showed in dogs that all reflexes, including vaso-pressor, were 
lost for some hours below the transection after withdrawal of the anaesthetic, 
the return of vascular reflexes requiring even some days. Although we used 
strychnine in an attempt to heighten any trace of the reflex, following the 
suggestion of Bayliss [1923], it is probable that we did not wait long enough 
to demonstrate it. On the other hand, the central path may be long; the long 
central reflex time indicates this, but the effect of the anaesthetic has not been 
determined. However long it may be, the path is complete in the brain stem 
below the level of the superior colliculi, shown^ by the persistence of the 
response after decerebration at this level. In man the cerebral mortex is not 
involved, typical responses occurring in spite of an extensive decortication 
[WiUiams & Scott, 1939] and diverse cerebral lesions [Stiirup et al. 1935]. 

Reverting to the afferent side of the reflex arc, it is seen that the receptbe 
field of the reflex is large and is not limi ted to the end-organs in any^one area 
of the body. Impulses set up in this field converge on the centre to cause 
discharge of impulses along the final common path. It is noteworthy thatt e 
response is as easily elicited in man as in animals; sudden noises, stiinulation 
of the skin and distending a balloon in the intestine are effective in hot 
species. At present it is not possible to say whether any specific type of en 
organ is involved. It is interesting to note also that the same metho s o 
indirect stimulation produce marked vaso-constrictibn in the paw as pro 
dilatation of the pupil in the chloralosed cat. 

The resemblances between the reflex in animals and man suggest that on 
and the same reflex is involved, and analysis shows that the anatomica p u 
is the same. Final discrimination of the site of action of the impulses is 
needed. At what level this reflex path is complete within the brain stem i 
stfll undefined; certainly it is complete below the superior colliculi. ^ ^ 
more details of the anatomy require investigation, but the estabhshmen 
the reflex allows of its use as an index of changes in the central nervous sys ^ 
for example, it will form an index of the arrival of impulses at the latera 
cell or of changes of state of the cell itself. 

SUMMAUY ^ 

1 . Reflex changes of paw volume of anaesthetized cats have been recorded 

a sensitive optical method. . of 

2. Various methods of sensory stimulation cause a transient dec 
paw volume. This is due to active constriction of the vessels of the pa s. 
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3. The fi n a l common patli of the reflex is represented by the sympathetic 
nerve supply of the limb. The central paths have not been traced but are 
complete helovr the level of the superior colliculi. 

4. The latent period of the response is long; the central reflex time also 
appears to be long. 

5. The reflex response can be used as an index of changes in the centres, 
and gives evidence of summation" there. 

We are grateful to Boots Pure Drug Co., Ltd., for supplies of carrageen. The eipenses of this 
mreitigation have been defraved in part by a grant from the Government Grant Committee of 
tfc: Royal Society. 
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the INPLUENCE'^OF posture on the pulmonary 

BLOOD VOLUME AND THE ALVEOLAR GAS TENSIONS 
By I. F. S. MACKAY, Department of Physiology, The University, Manchester 

{Received 13 April 1943) 

In a recent series of papers Main has dealt with the problem of the fall in the 
tension of the carbon dioxide in the alveolar air which occurs on the assump- 
tion of the erect posture. In 1937 he suggested that it was due to an increase 
in pulnionary ventilation. Hitchcock & Ferguson [1938] disagreed with this 
and pointed out that the phenomenon took place without an increase in 
ventilation of the lungs. In two of the latter’s subjects there was both a fall 
in the pulmonary ventilation and in the alveolar COj tension on standing. 
In 1941 Main defended himself by applying a different interpretation to the 
term over- ventilation ’. He pointed out that if the pulmonary ventilation 
was reduced, and at the same time the volume of blood circulating in the 
lungs was less, this latter volume could be over-ventilated with a consequent 
fall in COj tension. That Main was, however, mainly concerned with ventila- 
tion and the factors affecting this, and not with circulatory phenomena, can 
be judged from the theme of his papers. In 1940, his opening sentence is: 
The cause of the overventilation in the erect posture is unknown’, and he^ 
proceeds to investigate whether the fall in pressure ■within the carotid sinus 
which occurs on standing is responsible for the increase in breathing. He 
gives vasopressor drugs to see whether the pressure changes they produce will 
influence alveolar COg tension by their effect on pulmonary ventilation. He 
concludes that the respiratory stimulant is a ‘relative cerebral anaemia . 
These views are similar to those expressed by Turner [1927], who states that 
the very moderate increases in respiratory acti'vity which occur on standing 
can be very easily explained as the result of carotid sinus reflexes and 
diminished cerebral circulation. 

The alteration in vital capacity which was pointed out by Hill [1895] has 
been brought forward as a factor influencing respiration. Bohr [1907] agrees 
that the 'vital capacity increases on standing, and Brunton [1908] points out that 
since the diaphragm has to raise and lower the n'scera when one is recumbent, 
but merely to move them horizontally when upright, this is the key to the 
limitations which posture places on breathing. Christie <fe Beams [1922] found 
from the average of 290 normal subjects that the n’tal capacity decreases by 
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5-5% in the .recumbent position. Hurtado & Fray [1933] found sHgbt de- 
creases in vital capacity in the supine position. Wilson [1927], on the other 
hand, observed no marked change in vital capacity in different postures. 

Chest measurements vrere made by Livingstone [1928] who used radio- 
logical methodsyhe demonstrated that the capacity of the chest is least when 
supine. McMichael & McGihbon [1939], on the other hand, were- unable to 
shov any change in the size of the chest. That the capaeity of the chest is 
not entirely dependent on the position of its parietes has bpen clearly demon- 
strated by Glaser & Mchlichael [1910]. They found in a series of normal 
subjects that the withdrawal of 380 c.c. of blood by venesection was accom- 
panied by an increase in vital capacity averaging 153 c-c. That the circulating 
volume can encroach upon the pulmonary air space has been shown by 
Drinker, Peabody & Blumgart [1922]. This is very understandable- when the 
passivity of the pulmonary circulation is considered, as pointed out by 
Drinker, Churchill & Ferry [1926], Hall [1925], and Brenner [1935]. 

The experiments described m this paper were carried out in order to 
examine this phenomenon and to seek an explanation. 

The ajppahatus 

This consisted of' a tilting table and equipment for the collection and analysis 
of alveolar samples. 

The tilting table was buUt on a strong frame which was securely bracketed 
to the floor. It was so balanced that when a subject was lying on it he could 
be easily tilted into any required position by an assistant and maintained at 
that angle by means of a bracket and bolt. 

The alveolar samples were collected by means of a Haldane-Priestley tube 
held in a frame. Evacuated sampling tubes were used. Only end-expiration 
samples were taken, and the results are expressed as a percentage of the 
prevailing atmosphere. The ‘resting state’ was reached by the subject before 
samples were delivered. 

The pbocedtjee 

Three normal subjects were used, and upon these repeated observations were 
made in which agreement was reached. It was first established that these 
showed a fall in alveolar COj tension when they were tilted into the erect 
posture. The results of one such experiment are given in Table 1. 

The reverse procedure, that is, tilting the subject into the horizontal after 
standing, causes a rise in the alveolar COg percentage (see Table 2). 

Logically three processes might be causing the fall in the alveolar CO 
tension when the subject becomes erect: ^ 

(1) The volume of blood exposed to the lung gases may be reduced. 

(2) There may be an increase in pulmonary ventilation, 

(31 A combination of tbn above two processes may be taldng place. 
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Table 1 ' 

Time 


min. sec. v 


0 30 

1 26 

2 46 

3 67 

6 36 

7 02 

8 63 

Table 2 
Time 


min. sec. 


1 10 
2 36 

4 62 

7 14 

9 60 


Alveolar COi % 
6-68 
6-67 

6-43 

6-13 

4-92 

6-16 

6-03 

4-02 

6'05 


Alveolar CO* % 
6-28 

6-64 

6-74 

6-77 

6-72 

6-71 


Tliis paper is divided into tliree sections. The first two of the above processes 
are examined, and then the last section deals with other hypotheses that 
been brought forward. 


I, Alterations in the volume of blood exposed to the 

LUNG GASES IN CHANGE OF POSTURE 

It was first decided to examine whether the gravitation of blood to the 
pendent parts played a role in the alteration of the tensions of t 
the lungs. The procedure adopted was similar to that in the expenme 
Table 1, only on this occasion the legs were firmly bandaged from •_ 
to the groin with 3 in. elastic bandages. The results of two of t ese 
ments are given in Table 3. 

Table 3 


Posture 

Exp. 1 Supine 

ft 

' Erect 


E:^. 2 Supine 

Erect 

Supine 

Erect 


Time 
min. sec. 


0 46 

2 00 

3 16 

4 46 
6 16 
8 00 


2 16 
4 00 


2 46 

4 00 ' 


Alveolar 
CO. % 

644'! ' 

6-64 


6-41 
6-28 
6-42 
6-28 
6-43 
6-29 J 


V With bandages on 


the legs ' 


6-61 1 

5- 47 1 
B-33J 

6- 65 1 
6-12 1 
6-091 


With bandages on the legs 


LnnSnfrp^ remOVCd 
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These results show that when the lower limbs are bandaged the fall of the 
abreolar COj tension when the subject assumes the erect posture is now reduced. 

In Eip. 2 in Table 3, the changes of posture with and without the bandages 
were all carried out on the one occasion. 

Reversal of the order of the delivery of the samples while the legs were 
bandaged gave similar results. The average of such a series showed that on 
standing the alveolar COj was 5-28% and only rose to 5-31 % on lying down. 

To establish firmly that the bandaging of the legs was responsible for pre- 
venting the fall in the alveolar CO^ tension, the above experiments were 
repeated in a modihed form. The legs were bandaged and samples were de- 
livered in the supine position; the subject was then tilted into the vertical 
position and further samples were collected. The bandages were now rapidly 
removed by assistants and farther lung samples were taken. The results of 
such an experiment are given in Table 4. 


Tabix 4 


Time 


Posttire 

min. 


S'apiue 

— 

— 

Erect 

1 


y* 

ft '■ 

2 

4 

30 f 

oo) 

Eanclages rernored 

4 

30 

Erect 

5 

30 \ 
30 V 
30) 

r» 

7 

9 


Alveolar COi % 

5-32 

5-36 

4 

5*37 (bt. of tbx^ determioatioiis) 


4*95 (bv. of thr^ determinations) 


The fall in tension of the alveolar CO^ might be explained by the fact that 
when the subject stands a certain amount of the circulating volume gravitates 
mto the dependent parts, where it becomes ‘cut off’ from the main ‘effective’ 
circulation and thus reduces the volume that freely circulates through the 
lungs. Left us neglect for the moment any changes that might occur in pnl- 
nionary ventilation and let us assume that this is not altered. In these 
circumstances the smaller circulating pulmonary volume of the upright posture 
wifi be relatively over-ventilated, with a consequent fall in the CO^ tension. 
This will be reflected in a lower alveolar COj tension. This hypothesis is 
supported by the above experiments. To confirm thus a further series of tests 
was made, only this time pressure cuffs acting as venous tourniquets were 
employed. 


Samples were delivered standing, foUowing which the pressure cafe ve 
applied to the thighs at 100 mm. Hg, and then the subject was tilted into t 
honzontal. These cuffs should retain the blood volume of the lowmr Hmbs 
position. Samples were now deUvered in the supine position before and aft 

the pressure on the cuffs was releas^. In Table 5 are given the results 
one of these tests. 
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Tablb 6 
Time 


Posture 

y- nun. sec. 

Alveolar CO, 

Erect 

- 3 00 

6-10 

ft 

4 30 

Cufis pumped up to 100 mm. Hg 

6-15 

Supine 

8 30 

6-06 

ft 

9 46 

Cufli released 

6-18 

Supine 

13 00 

6-43 

• > 

16 00 

6-55 


It miglit be argued from this that when the subject lies down the tovuniquete 
prevent a volume of blood in the lower bmbs from flowing back into the mam 
circulation. Thus the pulmonary circulation and alveolar COj percentage re- 
main unaffected. But both rise when the tourniquets are released. 

It was shown that carbon dioxide accumulation in the isolated limbs was 
not the responsible factor, by occluding the /our limbs with tourniquets above 
systdUc pressure in the supine subj'ect for similar periods of time and finding 
no significant change in alveolar COg tension when the cuffs were released. 


The relationship between vital capacity, alveolar COj tension and posture 

The vital capacity is considered under certain circumstances to be an ex 
pression of the volume of blood in the lungs. -Thus a reduction in vital capacity 
might be due to an encroachment on the air volume of the lungs by a® 
increase in the pulmonary circulating volume. Therefore an examination o^ 
the relationship between vital capacity, posture, and the tension of the un^ 
gases falls appropriately into this section. 

The following experiments were designed to demonstrate that under t os^ 
circumstances where the vital capacity was reduced by allowing a /blunm 
blood to flow towards the thorax there was at the same time a change m 
tension of the alveolar CO^. 

Table 6 


Supine 


Alveolar Vital capacity 
Posture CO, % c.c. 

6-39 3-833 (av. of sLv detennmations; 

Tourniquets applied to thighs at 100 mg. Hg ^ _ 

Legs lifted to 40° by assistant 6-33 3-830 (av. of fire determinat 

Tourniquets released 

Legs lifted to 40° by assistant 6-66 3-390 (av. of five determinat" 

The above experiment had to be carried out in two stages, as the 
taneous debvery of alveolar and vital capacity samples is not . 

These results suggest that the blood from the raised limbs flows m o 
thorax when the tourniquets are released, and causes a sirnu taneous a 
“tol cpaoitr aad a rise in CO, fension. The reaulte in Table 7 lend support 
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to tMs hypothesis. In this instance the subject ^vas tilted into a head-do^- 
W portion at an angle of 25". Tonxniqnets had been appbed to the thighs. 
The release of these tonmiqnets allorred the dammed blood to florv torvards 
the thorax- cansing the vital capacity to fall and the alveolar COj tension 


Time tltal capacity 


l 

TTirn. ^ 

sec. 

C-C. 

Alveolar CO^ 



STibject supine and horizontal 


s 

10 

3-9001 


9 

60 

3-900 1 


10 

40 

4-0001 


11 

45 

3-SoO-' 


12 

45 

Tourniquets applied to loxTex limbs at 100 mm. Hg 

14 

15 

4-000\ 


Jo 

30 

4-1001 


16 

05 

Tilted head down at '2S^ 


16 

17 

45 

50 

4-100) 

3-900 V 

5*57 

IS 

35 

4-050) 


19 

00 

Tourniquets released 


19 

30 

3-650 

5-93 

20 

40 

3-750 

5*76’ 

21 

15 

3-SOO 

5-SO 

22 

3S 

3-S50 

o*S5 

23 

10 

3-750 

5* So 


The vital capacity and alveolar CO, measnrements tvere taken separately 
hy repeating the tilting procednie and application of the tonmiqnets and 
adhering as closelv as possible to the same time intervals. There is no donbt 
in the mind of the subject about vrhat is happening vrhen the tonmiqnets 
are released. There is a marked sense of suffocation as the blood -nells into 
the upper parts of the body, 

Tdting dotm (head first) without the application of tourniquets causes a 
reduction in vital capacity. The results on one subject show that when he is 
horizontal the vital capacity = 3-S80 c.c. (average of five determinations) and 
when tilted vital capacity = 3-675 c.c. (average of four determinations). Manv 
other methods can be devised to show the relationship that exists between vital 
capacity and the distribution of the circulating volume. A simple procedure 
Was to apply the elastic bandages to the legs of a horizontal subject. His 
rital capacity was then found to be 3-SOO c.c. When the bandages were re- 
moved. it increased to 4-100 c.c. 


n. -AiTER.VnOXS IX THE PCLMOXAP-Y VEXTXLATIOX WITH CHiXGE OF POSTCRE 
.tXD ITS IXFLUEXCE OX THE TEXSIOX OF THE AEVEOLAE CAEBOX DIOXTOE 

The next question to be examined was. to what extent are the changes in 
?as tension due to alterations in pulmonary ventilation? 
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Posture 


Lying 

Standing 

Standing with legs bandaged 


Table 8 

Minute volume 
litres 


6-28 

6-64 

5-66 


Alveolar CO,' % 
6-50 
601 
6-32 ■ 


Examination of the resnlts in Table 8 shows that for this subject there is 
an increase in puhnonary ventilation on changing from the lying to the 
standing position. Is this rise in minute pulmonary ventilation from 6‘28 to 
6'64 1. responsible for the fall in alveolar 00^% from 5'50 to 6-01? Voluntary 
increases in pulmonary ventilation while the subject maintained a constant 
posture were carried out and at the same time alveolar samples were collected. 
This experiment was carried out while the subject Was seated. A bivalve 
mouthpiece was used and the minute volume was recorded on a dry spiro- 
meter. At a certain point in his respiratory cycle the mouthpiece was switched 
over to a Haldane-Priestley alveolar sampling tube and an end-expiration 
sample was collected. This was carried out by means of a shding mouthpiece 
as used by Mackay [1939]. When the results were plotted it was found that 
for a change in alveolar CO 2 tension of 6-60-6'01% an increase of 2'7 l./mm. 
in pulmonary ventilation was required, as compared with 0'36 1. which is t e 
increase in the postural change. It is reasonable to conclude from these 
figures that the part played by pulmonary ventilation in affecting the tension 
of the lung gases in postural changes is a minor one. This supports Hitchcoc ' 
& Ferguson [1938], who showed that in some subjects there might be no 
alteration — or even a reduction — in pulmonary ventilation on changing 
the horizontal to the vertical position, and yet a fall in alveolar COj /o 
occur.' . 

Further evidence against changes in ventilation playing a dominant p ^ 
given in Table 9. In this instance a change in posture from standing 0 
stooping caused a rise in the COj % , but it was accompanied by no signincan 
change in pulmonary ventilation. 

Table 9 


Posture 

Supine 

Standing 

Stooping 


Minute pulmonary 
ventilation 
6-30 
6-00 
6-09 


Alveolar CO, % 
6-30 
4-80 
6-68 


This stooping phenomenon was reported by Turner [1927] who quo e ^ 
in support of his hypothesis of cerebral ischaemia. He held that w en ^ 
subject stoops the cerebral ischaemia is relieved and a respiratory stim a 
is removed, with a consequent depression of breathing and a rise ' 
tension. It is difiBcult to understand what is the mechanism involve m 
In the example in Table 10, when the subject stoops the alveolar COj tcnsio 
rises, there is then a tendency after a period for it to approach its origina e 
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Table 10 

Posture 

Standing 

Stooping 

1-00 

2-45 

6- 45 

7- 50 

9-46 ^ 
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Alveolar CO, % 

4- 96 

5- 00 


5-67 

5-61 

5-69 

5-69 

5-31 


Two possible explanations seemed to present tbemselves.- I'irst, tbe lowering ■ 
of tbe tborai into tbe borucontal position might increase the volnnae of the 
pulmonary pool; secondly, the compression of the abdominal contents might 
thrust a further volume of blood into the lungs. The first point has already been 
examined for the subject in the supine posture. To investigate the second the 
foUovdng procedure was instituted. The subject first delivered alveolar samples 
standing. Pressure cuffs were applied to the thighs and the subject then lay 
in the supine posture. Another sample was delivered. The legs were now 
raised on a board by an assistant until they were at right angles to the trunk. 
Because of the tourniquets no blood should have flowed from the lower limbs, 
yet this manceuvte caused an increase in alveolar COg tension. An example 
of such an experiment is given m Table 11, 

Table H 


Time 



Alveolar 

, ^ 

s 

Posture 

CO, % 

rain. 

sec. 

Standing 

6-34 

0 

00 


6-31 

1 

10 

Tourniquets applied to thighs at 100 ram, Hg 

— 

1 

30 

Supine 

5-34 

3 

56 


6-40 

4 

45 

Legs placed at right angles 

— 

6 

10 


5-71 

6 

48 


5-72 

6 

30 


To what extent is the placing of the limbs at right angles to the trunk when 
d 13 supine comparable to the stooping posture when the trunk is in the prone 
position? The vital capacity measurements taken while the subject is supine 
show a reduction when the limbs are lifted into the right-angle position, 
although venous tourniquets are applied. Tins supports the suggestion that 
this procedure forces blood from the abdomen to the thorax. On the other 
liand, there is no significant alteration in the vital capacity when a subject 
changes from standing to stooping, so that we are unable to produce evidence 
of an increase in the pulmonary blood pool by this method. Should the 
volume of blood increase in the lungs when the subject stoops it is not shown 
y ntal capacity measurements (see Table 12). This stooping phenomenon 
still remains unsolved. 
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The possibility of changes both in piilmonary circnlating volume and venti- 
lation occurring at the same time must be admitted. In the subjects of these 
experiments changes in ventilation played a minor part. 


III. The examination oh other hypotheses 

The relationship between lung volumes, posture and 
alveolar carbon dioxide tension 

Attention was now turned to observe whether the alteration in lung yolumes 
(e.g. residual air volume) that occurs with changes of posture has any effect 
on the tensions of the lung gases. ^ 

Hitchcock & Ferguson [1938] advanced the theory that the fall in alveolar 
CO 2 tension on standing is due to the simple dilution resulting from the in- 
creased volume of functional residual air (supplemental air). Against this 
hypothesis is the possibility that should the volume of the air present in the 
lungs increase, the lung tissues may not. be as weU ventilated. This should 
happen when the residual air increases and when there is no change in the 
minute volume. 

In order to examine this hypothesis experimentally an attempt was made 
to alter the functional residual air and at the same time maintain a constant 
posture. This was done by tightly strapping the chest rvith the subject in the 
sitting position. After samples were collected the strapping was removed and 
the sampling repeated. 

Table 12 

Funotional 
residual air 
c.o. 

Subject in the sitting position with chest strapped 487 

After the release of the strapping 917 


Alveolar 

C0,% 
6 - 00 ) 
5-65) 


6-46 

5-43 


I 5 68 
I 6-44 


These results show a slight fall when the residual air increases. 

Cotton [1939], Mackay [1940, 1942] and Marenxi & Costoya [1941] have 
reported that in some subjects a shaUdw alveolar sample may give a higher 
CO 2 tension than a deeper one. llTiere the functional residual air is altered 
there will be an alteration in the depth of the expiration when an alveolar 
sample is delivered. In the subject in Table 13 this expiration (end-expiration) 
varied from 1-605 to 300 c.c. It must, however, be remembered that the 
above workers carried out their experiments under conditions which ensure 
a constant residual air lung volume, and their samples were taken from 
expirations of ranging depths so that their methods are not really comparab c. 

In Table 13 are figures showing the changes that occur in some of the lun,, 
volumes in different postures. Those which show the most marked changes arc 
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the supplemental air volumes, but there is no relationship between changes here 
and the alveolar C02%- The only section in which the variations in the lung ' 
volnxnes etc. and the alveolar COg mn parallel is that of the minute volume. 

Table 13 

Kesidual air 


Posture 

Vital 

capacity 

C.C. 

(supple- 
mental air) 
c.c. 

Tidal 

volume 

c.c. 

Jlinute 

volume 

c.c. 

Alveolar 
COj % 

Standing 

4200 

1283 

685 

6500 

5-02 

Stooping 

4180 

1605 

813 

0910 

5-76 

Snpine with le^ at right angles, 

3550 

300 

604 

5620 

5-54 

Tenons tourniquets on thighs 
Lying 

3900 

314 

613 

5440 

5-45 


The relaxed ‘position 

Higgins [1914] has pointed out that the proprioceptive stimuli increase in 
standing, and suggests that this has an effect on the tension of the gases in 
the lungs. This was investigated in the following manner. Two strong pulleys 
^exe fixed to the side of the tilting table. A board upon which the feet could 
rest was attached by strong ropes, passing over the pnlleys,>to a heavy weight. 
With the shoulders fixed in position by means of a large towel, which was 
fastened to the table, the weight was lifted from the floor- by pressing on the 
hoard with the feet. This brought into action the muscles that are used in 
standing. While these muscles were in action alveolar samples were taken. 
The average of four experiments showed that while relaxed the alveolar 
^’^ 1 % 5-51, and after pressing on the weight for 4 min. was 5-55. 


Blood-pressure effects 

llain [1940] has investigated the effect of raising the blood pressure on 
respiration. He has pointed out that when a subject stands there is a drop 
the pressure in the carotid sinus ; this should act as a respiratory stimulant, 
^lain admimstered drugs and produced a change of over 20 mm. Hg in the 
blood pressure without any effect on the tension of the alveolar carbon dioxide, 
blood-pressure readings recorded on one of the subjects of the above experi- 
ments when tilted into the upright position showed a smaller variation than 
ose of Main. It is reasonable to assume that this small fall in blood pressure 
m playing a stimulating part, despite the inhibitory effect of CO, removal 
mm the arterial pulmonary air which occurs when a subject stands. This 
reduction in pulmonary ventUation but a smaU increase, 
ich must have been due to the only respiratory stimulant working, that is’ 
all m blood pressure in the carotid sinus. ’ 
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SUJIMAEY 

1. When a subject adopts the erect posture a fall in the tension of tte 
alveolar carbon dioxide takes place. 

2. Experiments were performed the results of which justify the conclusion 
that the main factor responsible in these subjects for this fall is a reduction 
in the volume of blood to which the lung gases are exposed. 

3. The part played by an increase in pulmonary ventilation is a minor 
one. 

4. Various hypotheses previously brought forward are examined. 
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;hronic suprarenal deficiency and its effects 

ON THE RESPONSES OF THE ISOLATED INTESTINE 

IN THE RABBIT 

By MABTHE VOGT, From the PharmacologicaJ Laboratory, 
the College of the Pharmaceutical Society 

[Received 1 May 1943) 

Disturbances of carbohydrate metabolism and supersensitivity to various 
drugs are among the prominent signs exhibited by suprarenalectomized 
animals. Little, however, is known about the way in which these abnor- 
malities are caused, and it is uncertain whether they are localized in particular ' 
organs or are manifestations of a general ceUnlar deficiency. "Work on tissue 
slices has been carried out and a rednced oxygen uptake observed in the 
kidney [Crismon & Field, 1940; Enssell & Wilhelmi, 1941]; a similar decrease 
found in minced brain, however [Himwich, Fazikas, Barker ^ Huxlburt, 
1934], was associated with any type of hypotension, whether of suprarenal 
origin or not. The phenomenon may, therefore, not be caused by lack of ’ 
cortical hormone. 

Except for the frequently investigated ftog's muscle, little work has been 
done on the isolated organs of animals suffering from suprarenal deficiency, 
and it is not well understood which functions of the body are the first to be 
affected and which pathological signs are secondary phenomena. That glycogen ' 
storage in the fiver is subnormal is firmly established; it is,' however, not 
known whether the low blood sugar, the serious consequences of fasting, the 
poor conversion of endogenous protein into carbohydrate [tVells & Kendall, 
1940; Long, Katzin & Fry, 1940], the incomplete utilization of lactic and 
pyruvic acid [Britton Sc -Silvette, 1934; BueU, Anderson & Strauss, 1936; 
Lewis, Kuhlman, Delbue, Koepf & Thorn, 1940], and the increased utilization 
of glucose [Seckel, 1940; Evans, 1941; Ingle, 1941] are due mainly to dis- 
function of the fiver or equally to abnormal metabolic processes in other 
tiKues. Though a deficient carbohydrate metabolism was detected in fiver 
slices [Koepf, Horn, Gemmill & Thom, 1941], lactate formation in striated 
muscle was also found abnormal [Buell, Strauss & Andrus, 1932; Ochoa, 1933]- 
the important role played by the fiver in the signs of suprarenal deficiency 
”"ght, therefore, simply be a consequence of its central position in metabolism 

' 16 
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rather. than a result of a primary damage not suffered by other organs. Tie 
rabbit’s intestine seemed to be a preparation in which both disturbances of 
carbohydrate metabolism and abnormal responses to drugs should be easily 
detected, pro^'ided these changes were ubiquitous. and therefore include the 
intestinal musculature or its nervous elements. The utilization of carbohydrate 
can easily be followed on isolated pieces of rabbit’s intestine on account of 
their regular rhythmic activity which is only kept up in the presence of an 
adequate supply of carbohydrate; the responses to drugs are manifold, as 
some substances affect mainly the longitudinal and some mainly the circular 
coat, and as stimulation or inhibition may be caused by action on the^muscle, 
on Auerbach’s plexus, or on bo^. 

Experiments were, therefore, carried out on strips of small intestine ob- 
tained from rabbits showing signs of severe suprarenal deficiency. Bxanuna- 
tion was made of their responses to carbohydrate and related substances, to 
poisons affecting carbohydrate metabolism, and to drugs which cause stimu- 
lation or inhibition of movement and tone. The results were compared with 
those on normal animals or on fasting controls not deprived of their suprn- 
renals. 


Operation and survival time 

After a preoperative injection of 4 mg. atropine sulphate, suprarenalectomy 
was performed under ether anaesthesia and with aseptic precautions, The 
ventral route was chosen and the glands exposed by a long abdominal incision 
in the midline. After separating the gland as far as possible from the sor 
rounding tissues, it was seized with a fine pair of trachoma forceps w ic 
could be fixed in the closed position by means of a screw. A ligature was tie 
beyond the forceps and the gland excised. ' . . 

Great discrepancies are found in the literature concerning the survi'n 
time of suprarenalectomized rabbits. Whereas some authors [for instance 
Rothschild, 1916; and Girndt, 1926] report death within the first 24 hr., o er 
workers were able to keep the animals alive for longer periods. Hultgren 
Andersson [1899] were the first to apply aseptic precautions and to desen 
survival times of 6-16 days and a small percentage of complete reco^erIM• 
Similar figures are found in more recent work [e.g. Cope, Capm'ck, Lam e > 
Pratt & Verlot, 1939], whereas other experimenters state that indefinite sur 
vival is the rule [Baumarm & HoUy, 1923]. In the material used for 
present investigations (61 rabbits), 30% died within 24 hr. of the operatio , 
20% survived indefinitely, and 60% developed chronic insufficiency w ^ ^ 
average survival time of 10 days. The frequency distribution of the survi 
times in this last group is represented in Table 1. 


Table 1. 


Survival times of bu 

\ 

1 2 4 
6 1 3 


pmrenaIectomi«Kl mbbita developing ebronio deficiency 


5 6 

3 3 


1 


8 t) 10 11 12 IS 10 37 

*1 I 3 ^ I I 1 


.'ifl 

1 


No. of days 
No. of rabbits 
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The first twelve suprarenalectomies were done in one, aU the subsequent 
operations m two stages; no essential change in the frequency of early deaths 
or length of survival times, however, resulted from this change of procedme. 
In the animals operated in two stages, the mote difficult excision of the right 
gland "was always done first; nevertheless, recovery from the first operation 
was always uneventful; the result of the second operation, however, was 
completely unpredictable. Treatment was co nfin ed to the day of operation, 
and consisted of subcutaneous injections of cortical extract (‘Eucortone', 
Allen and Hanburys, 1 ml. per dose) given immediately before, immediately 
after, and at one- or two-hourly intervals following the suprarenalectomy. 
Intravenous glucose-saline injections and treatment with sympatol and phole- 
drine were also tried. Saline instead of drinking water was given for the first 
night. Immediate recovery from the operation was always rapid, and the 
rabbit was usually sitting up within 15 min. of cessation of anaesthesia. In 
30% of the animals, however, this recovery was followed, after a latent period 
of 3-5 hr., by muscular weakness, poor circulation, occasional diarrhoea, and 
death. Xo therapy whatsoever caused any but a very transient improvement. 
The cause of death was evidently the deteriorating circulation which appeared 
as refractory to treatment as it is in surgical shock. Cortical extract, at least 
in the amounts available (up to 6 or 7 mL), was apparently completely ineffi- 
cacious. Very young rabbits more frequently developed this acute circulatory 
failure than older animhls. 

Another group of rabbits, amounting to about 20%, showed some loss in 
bodv weight during a period of about 7-10 days after the operation; later on, 
their weight again rose and the animals gradually became indistinguishable 
from normal rabbits. Though accessory or regenerated cortical tissue was 
found on macroscopic inspection in most (80%) of these animals, it could not 
be found in all cases ; histological examination was, however, not carried out. 

The third group of rabbits is the only one with which this paper is con- 
cerned; it comprises those animals which develop a chronic suprarenal de- 
ficiency, which may prove fatal at any time between the 2nd and the 59th 
postoperative day, most animals, however, succumbing between the 7th and 
12th day. The question, of course, arises, whether these rabbits survived 
because the operation was not as complete as in the first group/ in which 
death occurred within a few hours of the suprarenalectomy. In spite of 
careful search (restricted, however, to macroscopic examination), traces of 
suprarenal tissue were only found in four of the chronically deficient animals- 
l^ierefore, probably correct to assume that this state develops either in 
be complete absence or, occasionaUy, in the presence of minute amounts of 
suprarenal cortex. 




16—2 
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Signs of ohbonio supbasenal deficiency in the rabbit' 

As early as 1899, Hultgren & Andersson described a fall in body temperature 
and body weight, muscular weakness and convulsions, as signs of suprarenal 
deficiency in the rabbit. In the present series of experiments, the first three 
signs were always present; convulsions, however, which are evidently of hypo- 
glycaemic origin, occurred only in some animals. In addition, diarrhoea vas 
frequently observed, and in those animals which survived for a sufficiently 
long period, an atrophy of the gastrointestinal tract and liver developed and 
produced a striking and characteristic picture.. The weight of the viscera was 
considerably reduced : in normal animals of comparable size, liver, spleen and 
gastrointestinal tract (without contents) are responsible for 15-9% of the 
body weight, whereas the corresponding figure in suprarenal deficiency was 
10-3 % ; details are summarized in Table 2. The internal and external diameters 


Ta ble 2. Weight of gastrointestinal tract, spleen and liver as jiercentage of body weight 


Normal rabbits 


Suprarenalectomiied rabbits 



Weight of 
viscera, 

% body 

Body 

weight 


Weight of 
viscera, 
% body 

No. 

weight 

kg. 

No. 

weight 

1 

10-0 

0'80 

80 

11-0 

2 

16-6 

0'88 

70 

13-0 

3 

16'0 

0-93 

78 

11-0 

4 

14-5 

M6 

82 

10-3 

6 

14-0 

1-65 

84 

11-0 

Mean 

16-9 


06 

83 

7-0 

7-7 


/ 


Mean 

10-3 


Days after 
Body weight completion 
when killed of supnv- 
renalectomy 

10 

Ml 11 

1-24 ° 

1-26 0 

1-21 

1-67 37 

1 .'7J. 0 


of the intestine, even in the relaxed condition, were smaller than usua , an ^ 
in addition, a tendency of the intestine to spastic contraction of its cure 
coat gave it a string-like appearance absent in the 'normal animal. Mec am 
stimulij^as for instance the attempt at tying the intestine over the glass tu m 
leading to the volume recorder, caused prolonged violent constriction o 
muscle in most of the deficient rabbits. The same phenomenon was o s 
by Fowler & Cleghorn [1942] in the cat. Control observations on la 
rabbits did not reveal similar changes, neither was the fall in body ^ ^ 

normal animals during fasting as rapid as that of suprarenalectomize ra 
in spite of the fact that, until immediately before death, the operated 
took at least some food. Most animals refused dry food after the 
but frequently ate greens as long as they were able to sit up. As the de ci . 
increased, some rabbits drank large quantities of water. 

The body weight was found to be the best measure of the c mca con 
after suprarenalectomy. It fell steadily for a period of several days i 
animals wUch survived the first 34 hr., and it kept on fallmg nntJ 
occurred in those rabbits which did not recover from the operation. Th 
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in body weight suffered ’svlien the animals became moribund amounted to an 
average of 20% vrith a range of 11—32%. 

The fall in temperature set in 3 to 1 days before death, and -svas much 
more Variable in its progress. The lo-west temperatures were seen in animals 
erhibiting convulsions; figures from 27 to 29° C. were then the rule. In other 
instances, death occurred, preceded by muscular paralysis, when the tem- 
perature was still 38° C. 

In spite of careful observation, the condition of an animal was often difficult 
to assess. A rabbit which had appeared quite strong on the previous evening 
would sometimes die unexpectedly overnight, whereas, on other occasions, 
the falling body temperature and mnscular weakness would give a warning 
of the state of the animal 2 or 3 days before it actually succumbed. 

I 

Eesponses of the isolated ixtesttse 

Methods 

A few preliminary tests on suprarenalectomized rabbits which did not exhibit 
any clinical signs had shown that the intestinal responses were normal in 
every respect. The animals were, therefore, not used until the deficiency had 
become conspicuous and the rabbit was nearly moribund. As death, however, 
frequently occurs quite suddenly and unexpectedly in these animals, occa- 
sional losses of rabbits were inevitable. 

For the experiment, the rabbit was killed by a blow on the neck, the 
jejunum excised and transferred into glucose-free Tyrode’s solution. The pieces 
which cmdd not be used immediately were kept at room temperature. Pairs 
of steps (length 4r-'6 cm.) were suspended in a double organ bath in oxygenated, 
warm, but glucose-free Tyrode’s solution, and the movements of the longi- 
tudinal muscle registered simultaneously with the intestinal volume, the latter 
providing a record of the activity of the circular muscle. Details of the method 
are published in a previous paper [Vogt, 1943]. Glucose was not added to 
the Tyrode’s solution except where its own action was being investigated, 
because the rate of exhaustion of the intestinal muscle deprived of exogenous 
carbohydrate, and the greater clarity of the reactions of the circular coat 
after carbohydrate lack had reduced or abolished the spontaneous pendulum 
movements, provided valuable information unobtainable in the presence of 
glucose. Examples of the usefulness of that method are found in some work 
on ffie normal intestine [Peldbeig & Solandt, 1942; Vogt, 1943], 

Results 

Although the circular muscle takes some part in the pendulum movements, 
Vs share is small compared with that of the longitudinal coat. The large 
amount of energy spent in mechanical work hy the longitudinal coat is 
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probably one of the reasons why its spontaneous and induced activity dis- 
appear simultaneously if no carbohydrate is suppHed with the suspension 
fluid; under the same conditions, on the other hand, the circular coat is not 
less, but frequently even more susceptible to stimulation by drugs, and oto 
develops irregular outbursts of spontaneous contractions of considerable size. 
It follows from these properties of the two intestinal coats that the carbo- 
hydrate metabolism is best studied on the longitudinal muscle which requir^ 
exogenous energy for prolonged function, whereas the action of most drugs is 
better investigated on the circular coat. Exceptions are substances with an 
inhibitory action which can obviously best be seen on the longitudinal coat 
with its high spontaneous activity; acetylcholine, which depends particular y 
on glucose Jor its efficacy [Feldberg & Solandt, 1942], and histamine w ic 
has not much effect on the circular muscle. 

f 

\ 

Responses of the longitudinal coat 

Exhaustion time. If a piece of normal intestine is suspended. in glucose-free 
Tyrode’s solution, a period varying from 30 min. to several hours ® 
before the pendulum nlovements stop, or are, at least, very much re uce^^ 
in size. This ‘exhaustion time’ is shortest in very young animals, 
fasting, however, does not reduce it to any considerable degree. ^ on^^ 
thirteen suprarenalectomized and severely deficient rabbits e^biting so ^ 
abnormality of their intestinal responses, there were seven in which e 
was rapid; in three the time required was stfll within norrnal linuts, m^^ 
it was below the normal range and amounted to 10-20 min. In t e g 
deficient rabbits, the energy stores available for muscular actmty . 

occasionally found to be low, but more frequently they lie within tlie n 


Glucose. Normal intestine, suspended for an hour or two m g ™ 
Tyrode’s solution, loses its tone and its pendulujn movemen 
Glucose testores both (examples are.reproduced in Feldberg o “ ririVation 
Fig. 6) after a latent period, which increases with the period o ^ 

of glucose. This effect was tested on the intestine of aU the suprarena ^ 
rabbits, and it was present every time. The example repro uce m 
typical and indistinguishable from the normal effect. The circu ar 
affected; the change in volume is probably passive. 

Another effect of the administration of glucose to a ° ® ,, ponse 

been deprived of its carbohydrate reserves is a restoratum o e 
to acetylcholine [Feldberg & Solandt, 1942, Fig. 8]. The sam 
obtained in the suprarenalectomized preparation. 

The response of the longitudinal muscle to large dos 
served by Feldberg & Solandt [1942, p. 166] to disappear if glucose 
Slheld from the ^.ration. Thi. effect aad it, rect.tut.onj^glucote 
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also those produced by other stimulating substances. Muscarine, potassium 
chloride and iucotme,^or instance, were tested and found to ehcit a diminislied 
response in the exhausted’ intestine; if glucose was then supplied, and the 
increase in tone caused by the sugar was allowed to pass off, the same drugs 
produced larger contractions, even if the spontaneous activity of the gut was 
no greater than before the treatment with glucose. Hence carbohydrate is 
probably indispensable for the response of the longitudinal coat to any stimu- 
lating drug. Here again, no difference could be detected between intestine of 
normal and suprarenalectomized animal. 

Not only, therefore, is glucose utilized in a normal way in the intestine of 
the deficient rabbit for its spontaneous muscular activity, but it also supphes 
the energy for contractions elicited by drugs. 

Pyruvate. "The normal utilization of glucose reported in the foregoing ex- 
periments is in good a^eement with the Observation made by a number of 
authors of an increased utilization of glucose in the suprarenalectomized 
animal; the defective pyruvate metabolism observed by various workers (see 
p. 239) suggested that the same might not hold for pyruvate. 

The result, however, did not differ from that obtained with glucose. In a 
piece of intestine, exhausted by prolonged su^ension in a carbohydrate-free 
medium, pyruvate caused increase in tone and amplitude of the movements 
of the longitudinal coat. There was no indication that the response was less 
powerful than usual, and it wsis seen in all rabbits without exception. The 
circular coat was either not affected (Fig. 2 a) or slightly stimulated (Fig. 26). 
Thus the intestine of the suprarenalectomized rabbit utilizes in a normal 
manner both glucose and its cleavage product, pyruvic acid. \ 

PJiloridzin and iodoacetate. That the normal isolated intestine is capable of 
obtaining energy required for activity from non-carbohydrate, and, therefore, 
probably from protein, was demonstrated by Prasad [1936]. Experiments on 
diabetic or phloridzin-poisoned animals have further shown that the con- 
version of endogenous protein into carbohydrate is impaired by suprarenal- 
ectomy; if the intestinal musculature had a share in this deficient conversion, 
it might be expected that the gut which was taken from a suprarenalectomized 
animal would be more severely affected by poisons which prevent carbohydrate 
utilization than the intestine obtained from a normal animal. 

Phloridzin and iodoacetate were chosen as inhibitors of glycolysis. The 
effect of phloridzin, in doses of 40 mg. added to a 76 ml. bath, was tested on 
the intestine of seven suprarenalectomized rabbits. The drug was given a few 
minutes after the gut had been suspended in glucose-free Tyrode’s solution, 
at this time the pendulum movements were stUl vigorous, and the effect on 
the normal specimen resembled closely that illustrated by,Feldberg & Solnndt 
[1942, Fig. 17] in the presence of glucose. Of the seven deficient rabbits, two 
were more sensitive to phloridzin than normal controls: the pendulum move 
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ments ■were not only decreased in size but ceased almost entirely for tie 
period of exposure to tbe drug; this effect is shown in hig. 3. In t e ot er 
five rabbits, tbe inhibition of tone and rhythm was the same as that obserred 

in normal animals. / . . 

In order to poison the gut with iodoacetate, a freshly prepared solution o 
tbe acid was neutralized and added to the bath so that the concentration was 

ml. 

— 1-0 



Fig. 3. Fig. 4. 

Fig. 3. Rabbit 64. Killed 1 1 days after extirpation of second suprarenal, iluscnlar ireatness, 
low body temperature, atrophy of viscera. Strip of intestine suspended in glucose-free 
Tyrode’s eolation; record starts 4 min. later. Upper tracing: intestinal volume (Krogh . 
cbamber). Lo'o’er tracing: longitudinal muscle. Time; 30 tec. 40 mg. pbloridzin are added 
at the first, and the atrip is crashed out at the second and third signal. 

Fig. 4. Rabbit 64. For history see legend of Fig. 3. Piece of jejunum. Record starts 6 ttiiti 
after the snspension of the strip in glucose-free Tyrode’s solution. Upper tracing: intestinal 
volume (Krogh chamber). Lower tracing: longitudinal coat. Time: 30 sec. At the first 
signal, 10 mg. neutralized iodoacetic acid are added to the 75 ml. bath; they are washed 
out at the second signaL 

1 in 10,000 or 1 in. 7600 of the free acid. The experiment was al-ways done 
on a recently suspended strip which was still performing large pendulum 
movements. After administration of iodoacetic acid, the excursions of the 
normal intestine’s longitudinal coat very gradually decrease till the activity 
nearly or completely stops. The time required for that arrest to take place 
IS usually between 7 and 10 min. These observations confirm tbe results of 
Fcldbcrg [1943] but not those of Prasad [1935], who failed to find any action 
of iodoacetate in the presence of oxygen. In ten rabbits suffering from supra- 
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renal deficiency, the time required to arrest the pendulum movements was 
measured. It was found normal in nine and accelerated in one instance 
(Fig. 4) ; here inhibition of activity was complete within a httle over 1 min. 
The rabbit in which this hypersensitivity was observed was one of those 
which had shown an exaggerated response to phlbridzin. It was exceptional, 




Fig. 6. Fig. 6. ' ^ 

Fig. 6. Rabbit 64. For history see legend of Fig. 3. Strip of intestine snspended for 6 nM ^ 
glncoso-free Tyrode’s solution. The gut is still in the relaxing phase, tjpper reoo • 
tudinal muscle. Xiower record: circular coat (Krogh chamber). Time: 30 sec. 1 nig. 
mine acid phosphate is added to the 75 mL bath at the first aixoir, and washed ou 
second arrow. ^ 

Fig. 6. Rabbit 20. Killed 9 days after e.xtirpation of second suprarenal, when low 
perature and muscular weakness are shown. Piece of intestine suspended for 3 
glucose-free Tyrode’s solution; amplitude of longitudinal muscle decreased to 
of its original size. Upper record: intestinal volume (piston recorder). Lower roco 
tudinal coat. Time: 30 sec. At the first arrow, 1/ig. acetylcholine, and at the ® ’ 

lOpg. acetylcholine are added to the 75 ml, bath. At the strokes, the drug is was 


herefore, to find a greater susceptibility to drugs which inhibit glyco ysis 
-he deficient than in. the normal intestine. Accordingly, the experim 
irovide no proof that suprarenal deficiency interferes with the conversion 
he intestine of endogenous protein into carbohydrate. 

Histamine. The toxicity of histamine is known to be much higher m 
enalectomized than in normal animals, and this fact has even been sugges 
.3 the basis of a test for cortical actmty, since resistance 
estored by cortical extracts [Penla & Jilarmorston-Gottesmaun. . ^ 
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quently, it xvas of interest to know wketker aii-increased snsceptibility of aU 
Lues, including intestinal muscle, accounted for tke greater toacity. In- 


ml. 
. 1-0 
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Pig. 7. Fig- 8. 

Kg. 7. BaWit 34. Died 2 months after extirpation of second Baprarenai, having exhibited 
ataxia and severe fall in body temperature. Intestine suspended 6 min. after death in 
glucose-free Tyrode's solution. Record starts 2 hr. later: amplitude of pendulum movements 
1/10 of original size. Upper record; Intestinal voluma (Krogh chamber). Lovret record; 
longitudinal mnscle. Tune: 30 sec. At the first signal, 0-8 mg. of a sample of natural , 
muscarine is added to the 76 mb bath, and washed away at the second signal. 


Fig. 8. Rabbit 83. For history see legend of Fig. 26. Strip of gut kept for half an hour at room 
temperature, then suspended for IJ hr. in warm, oxygenated, glucose-free Tyrode’s solution. 
During that period considerable dccrcaso in the size of the pendolnm movements. Upper 
record; longitudinal muscle. Iiower record: intestinal volume (Krogh chamber). Time: 
30 fcc. At the arrows, 00 mg. KCl ate added to the 76 ml. bath; they are washed awav at 
the strokes. 


tcstinal strips of eigkt suprarenalectomized rabbits were treated with varying 
doses of histamine. The usual increase in tone was observed, but never did 
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*’‘8- 5J» «n sample, lie 

kS Z I f- 8«™ ‘ta ata""-' 

reactions reproduced m Figs. 3 and 4. ^ 

pTinT’n discussed earlier on p. 244 how the response to acetrl- 

diTn’nt^ as well as in the deficient animal, on the period 

w 1C e ISO ated strip Las been deprived of exogenous glucose. In 
p ra^^ Tve are only concerned with, the question whether the type of 
V'l’ normal reaction in the suprarenalectomked animal. 

Pvt, + j V ® ^ ^ deficient rabbit, the strip having been partly 

us e y a an hour s work in the absence of glucose. 1 pg. acetylcholine 
s mai y an increase in the excursions of the longitudinal muscle, vhilst 
MS- pro uce a large rise in tone which is moderately well sustained during 
peno o contact with the drug. The effect on the circular coat is negligible. 

e responses are neither qualitatively nor quantitatively different from 
those of normal tissue. 


. , already stated, the substances which are powerful stimulants 

e circ ar coat were usually tested after prolonged suspension of the gut 
in g ucose- ee Tyrode s solution. Their action on the longitudinal muscle was 
se^e at the same time, found normal in every respect, and wiU, therefore, 
'a ^ detail. The drugs used were eserine, hypertonic sodium 

c on e, nicotine, muscarine and potassium chloride. Kesponses to the last 
two compounds are iUustrated in Figs. 7 and 8. 

Adrenaline and epliedrine. As both these substances produce relaxation of 
t e ongitudinal coat and inhibition of its rhythm, their action was tested on 
^ eshlys^pended, still fully active, strips. The range of sensitivity to adrenaline 
IS arge in the normal intestine; conspicuous inhibition is, however, usually 
obtained with a solution of I in 10®. Strips from twelve suprarenalectouiiied 
rabbits were examined, and the response to adrenaline was found within the 
normal range in every case. These results do not confirm Fowler & Cleghorn’s 
[1942] finding in cats, according to which injections of adrenaline failed to 
cause relaxation of the bowels in animals suffering from suprarenal deficiency. 
Differences in the species or in the experimental conditions may account for 
this discrepancy. 

Ephedrine has only a small relaxing effect on the normal isolated intestine. 
The responses of the gut taken from suprarenalectomized rabbits appeared 
neither larger nor smaller. 


Responses of the circular coat 

The mere inspection of the circular coat discloses abnormalities in certain 
suprarenalectomized rabbits. The tendency towards spastic constriction, espe- 
cially when touched, was mentioned earlier on; in other animals, the circular 
coat showed throughout the experiment powerful outbiy 5 tS::^f rhythmif 
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activity, vrtiicli occasionally 'were so persistent as to make tke observation of 
the response to drugs impossible. 

Two groups of substances were tested on the circular coat of the rabbit s 
intestine; drugs which act by stimulating the nervous structures and com- 
pounds with a direct muscular action. Lactate, eserine, hypertonic sodium 
chloride, and nicotine were selected as nervous, muscarine and potassium 
chloride as muscular stimulants. 

Lactate. Feldberg & Solandt [1912] have shown that the rabbit’s intestine 
is not capable, as is the heart, of using lactate as a source of energy; accord- 
ingly, its effect on the longitudinal coat depends on the presence of glucose. 
The circular coat, however, is stimulated by lactate even when the longitudinal 
muscle has become completely quiescent owing to lack of carbohydrate, and 
the site of the effect, as shown in a previous paper [Yogt, 1913], appears'bo 
be Auerbach’s plexus. The amount of sodium lactate required for the pro- 
duction of a rhythmical outburst of activity is so large that it cannot be 
added to the suspension fluid without causing an increase in tonicity sufficient 
in itself to provoke constriction of the circular coat; a solution was, therefore, 
prepared in which the sodium chloride of the Tyrode’s solution was replaced 
by an isomolar amount of sodium lactate; this was brought to bath tem- 
perature and the required volume added to the half-emptied bath. Examples 
of the normal responses are found in earlier publications [Feldberg & Solandt, 
1912, Pig. 16; Vogt, 1913, Fig. 6]. The doses used were 300, or rarely, 
150-525 mg. lactate in a 75 ml. bath. At least partial exhaustion of the 
longitudinal coat in the glucose-free Tyrode’s solution was awaited before 
the lactate was given. The response was tested in nineteen animals suffering 
horn severe deffciency. The results are seen in Table 3. 


Tabie 3. Response of rabbit’s intestine (cireiilar mnsde) to sodinm laotate 


of 

rabbit 

53 
GS 
30 
59 

54 

82 

•yri 

83 

33 

78 


Days since 
completion 

in suprarenal deficiency 

Days since 
completion 


of snpra- 

Response to 

J7o. of 

of supra - 

Response i 

renalectomy 

lactate 

rabbit 

renalectomy 

lactate 

I 

+ 

20 

9 


ti 

+ 

47 

10 


4 

JL 

76 

11 

+ 

4 

+ 

64 

11. 


6 

. + 

50 

12 


0 

+ 

31 

15 

+ * 

6 

— 

54 

19 


0 

- 

65 

37 


7 

8 

4 * 

34 

59 

- 


* Disappearing later. 


It 

he 


is obvious from the table that, the longer the deficiency takes to develop 
mote frequent is the absence of a response to lactate; in two rabbits 
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(33 and 31) tlie reaction could be elicited when the gut had been freshly 
removed from the abdomen^ but had disappeared in' strips which had been 
kept for 3 hr. in Tyrode’s solution at room temperature. In the normal in- 
testine such treatment does not impair the response to lactate; an example 
is shown in Fig. 6 of the paper on the normal intestine [Vogt, 1943]: the strip 
had been kept for 4 hr. at room temperature before being used for the record 
reproduced in the figure. The disappearance of the response in rabbits 31 
and 33 is, therefore, likely to be correlated to the suprarenal deficiency and 
to be the expression of a slighter damage than that apparent in the nme 
animals in which the contractions were absent from the beginning. Even that 
mild damage was, however, not seen in the three rabbits 82, 78 and 76; these, 
in spite of a fairly long period of deficiency, exhibilied a normal reaction not 
only in the fresh strip but also in a second strip which had been kept m 
Tyrode’s solution for 3 hr. before being transferred to the warm, oxygenated 
bath; 

Eserine. In spite of the fact that eserine acts by allowing the acetylcholine 
in the gut to accumulate until its concentration is sufficient to stimulate the 
muscle cells, it is dealt with among the substances which excite the nervom 
tissue in the intestinal wall. This is justified as these is evidence that t e 
acetylcholine is produced by Auerbach’s plexus, which is, therefore, respon 
sible for the action of eserine. 

Small doses of eserine sulphate (lO/ag. in 76 ml.) cause powerful contractions 
of the circular coat in the normal gut suspended in glucose-free Tjuo es 
solution. The latent period varies between 1 and 3 min. The effect is no 
abolished by keeping the intestine for several hours in Tyrode s solution a 
room temperature before suspending it in the bath. 

The response was normal in thirteen suprarenalectomized (deficient) ra i Sj 
it was weak, ■with latencies up to 6 min., in three, had disappeared in stop 
kept for 3 hr. at room temperature in two and was entirely absent in anot 
two animals, in which lactate had also failed to eh_cit any contractions. 

Sodium chloride. Hypertonicity of the bath produces rhythmic activity o^ 
the circular coat of the normal intestine by stimulation of Auerbach ® P ® 
[Vogt, 1943]; the simplest way of testing this response is by the addition o^ 
sodium chloride to the organ suspended for some time in glucose-free ^ 

solution. 160 mg. NaCl in a 76 ml. bath was the dose chosen, and seventee ^ 
deficient animals were used. The response was present in all but two ca 
these were two rabbits in which lactate was also ■without effect. . 

Nicotine. Nicotine in p. dose of 0-3 mg. (added to a 75 ml. bath) is a powe 
stimulant of the circular coat of the normal intestine, exhausted by pro ong 
acti^vity in a glucose-free medium; it is equally powerful in the e ci 
rabbit; of ^teen animals in which nicotine was tested, the response was p 

only once. 
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Muscarine. The effect of natuial muscarine on the circular layer of the 
normal intestine has been described by Feldberg & Solandt [1942]; it persists 
in spite of glucose lack and is produced by direct stimulation of the muscle. 
The response to 0-4-0-5 ml. of a solution 1 in 500 of the available preparation 
(added to a 75 ml. bath) vras e'xamined in eleven rabbits suffering from supra- 
renal deficiency; it vras always present and was normal in size. An example 
is shown iu'Fig. 7. ' - 

Potassium chloride. A very similar effect to t^at produced by muscarine 
on the circular coat is obtained by potassium chloride. 40—100 mg,, injected 
into a' 75 ml. bath, produce rhythmic or tonic contractions illustrated, for the 
normal rabbit, in Figs. 1 and 2 of a previous paper [Vogt, 1943]. The same 
doses were given to strips of twelve deficient rabbits; no abnormal responses 
were encountered. The contractions following a dose of 60 mg. are represented 
in Fig. 8. 

Attempts at restoring the lost responses. Several methods were tried in order 
to restore the response to lactate in pieces of intestine in which it was absent. 
Addition of 0-l-0-3% ‘Eucortone’ (Allen and Hanhurys) to the warmed oxy- 
genated bath in which the intestine was suspended did not improve its 
responses. In order to allow a prolonged action of the cortical extract before 
the gut had spent its energy reserves in spontaneous activity, pieces of in- 
testine were immersed for several hours at room temperature in Tyrode’s 
solution containing ‘Eucortone’; after this treatment the gut was suspended 
in the warm organ bath and kept under the influence of ‘Eucortone’ till the 
spontaneous activity had sufficiently subsided to allow the effect of lactate 
to be tested. This, again, was unsuccessful. Finally, however, a third pro- 
cedure was adopted, nearly identical with the second, but differing from it in 
that the solution containing the gut was kept stirred and oxygenated by a 
currenf'of air. Control pieces were subjected in a similar way to immersion 
in aerated ‘Eucortone ’-free Tyrode’s solution. Under such circumstances, a 
response to lactate which had been absent in freshly excised strips was re- 
peatedly observed; this, however, occurred independently of the presence or 
absence of ‘Eucortone’ in the aerated solution. 


Discussion 

The answer to the question put at the beginning of this paper, whether t 
intestinal musculature of a rabbit dying from suprarenal deficiency shows ; 
abnormal carbohydrate metabolism, is in the negative. The longitudinal co 
exhibits the usual spontaneous actirity. and only in some deficient animj 
jas the time required for ‘exhaustion’ by lack of glucose in the suspensi 
fluid shortened; in other words, the tissue reserves of substances capable 
proviffing the energy for the muscular activity were not as a rule subnorm 
bike the normal intestine, the gut of the deficient animals metabolized gluc< 
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and pyruvate and was unable to utilize lactate. Moreover, since glycolysis 
involves phosphorylation, these results afford no indication, in suprarenal 
deficiency, of a faulty phosphorylation, as postulated by Verzfir [1939]. On 
the other hand, Girndt’s [1925] finding that the choline content of the gut is 
not diminished by suprarenalectomy, at least within the first 24 hr., is of 
interest in coimexion with the observation of normal pendulum movements. 
Finally, as in the normal intestine, glucose is utilized as the source of energy 
for contractions of the longitudinal coat elicited by drugs^ 

No indication could be found of a consistent disturbance in the conversion 
of endogenous protein into carbohydrate, since only a single case of hyper- 
sensitivity to the inhibiting action of phloridzin and iodoacetate was seen. 
As these substances prevent the cleavage of carbohydrate, their exaggerated 
effect might have been interpreted as an inability of the tissue to perform 
work by means of the breakdown of other compounds. The observation that 
their action was nearly always the same as is the normal tissue, does not 
disprove, but renders unlikely, the assumption that conversion of pro^in mto 
carbohydrate is impaired in the gut of the deficient animal. 

Whereas the response of the longitudinal muscle to stimulating and m 
hibiting drugs was invariably normal, some pathological phenomena were 
found in the circular layer. The tendency to spontaneous activity, bot o a 
continuous and of a rhythmic character, was abnormally high, whereas e 
response to certain drugs was diminished or absent in a large num er o 
animals. Of the substances tested, those acting on the muscle itself (muscann^ 
and potassixun, chloride) elicited normal responses in all animals. Drugs ° 
site of action is Auerbach’s plexus, however, occasionally failed to cause an^ 
contraction in doses which invariably affect the normal intestine. The num 
of animals in which the response was absent or weak is shown in ecrepsm 


2 rabbits 
1 rabbit 


order in the following list ; 

Lactate 11 rabbits Sodium chloride 

Eserine 7 rabbits Nicotine 

This order is the same as that found [Vogt, 1943] for the disappearancejf 
the responses caused by keeping normal intestine for several days a 
perature just above freezing-point: nicotine is the last and lactate ® 
lose its efficacy. Drugs which stimulate the muscle (muscarine an po 
chloride) remain active even longer, just as their action is not mte 
by suprarenal deficiency. We come to the conclusion, therefore, that m i 
lenal deacienoy Auerbach’s plexus gradually becomes less f 
responsiveness to different drugs dimimshea in the same or er as i 
Losure to cold causes slow death of the tissue. This analogy inth deat 
S an unspecific cause raise, the guestion whether these 
^“t consequence of the lack of suprarenal hormone, or whether they 
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merelr a sign of impending deatii dne to toe impaired circnlation to rrMcli 
tie sensitive nervons itmcttires snccnmb mote rapidly tlian tlie muscnlatnre. 
One tvay in ’srMcli an attempt eras made to ansrrer tHs question teas to try 
and restore toe intestinal responses by cortical extracts. In some instances. 
Euci a restitution -eras, indeed, obtained, provided toe ‘Eucortone' rras 
smplied in an oxvgenated solution. Occasionally, botrever, recovery also 
occurred as toe result of treatment vritb oxygen in tbe absence of Eucortone . 
Anv conclusions from toe fevr successful exp erim ents can only be accepted tvito 
reserve, but it seems not improbable tbat tbe decisive factor in tbe treatment 
tvas toe oxvgen and not tbe cortical bormone. 

Utiouto toe smnlarities betrreen certain responses displayed by a piece of 
normal intestine preserved in tbe ice-cbest and a strip vrbicb bas been freshly 
excised from a snpraienalectomized animal are interesting, it is important to 
remember tbat in many respects tbe damage produced by cold is entirely 
dSerent bom tbat caused by suprarenal deficiency. In tbe latter, for instance, 
lie perfecrlr normal bebavionr of tbe longitndinal coat contrasts strikingly 
uitb tbe complete quiescence of tbe same muscle, if tbe cooled preparation is 
suspended in glucose-free Tyrode’s solution. Xor does every pathological 
condition in the bving animal affect tbe intestine in tbe manner described for 
suprarenal deficiency. An intestinal strip taken from a rabbit suffering bom 
psntonitis. for instance, bad nearly lost tbe activity of its longitudiaal coat 
and showed very brtle improvement vtitb glucose, but responded to 10^. 
eserine uito powerful contractions of its circular muscle. AVe have seen before 
that a supraxenalecromized rabbit, on the other band, may lose toe circular 
muscle's respoose to eserine. but' never shows impairment of tbe function of 
the lousitudinal coat. 


lu the interpretation of the results described in this paper, several facts 
uill. therefore, have to be borne iu mind. The first is the appearance, in tbe 
mtesTuie of snprarenalectomized and severely deficient rabbits, of certain 
pathological phenomena which are apparently specific for tbat condition. The 
second is the absence of any abnormal response unless toe rabbit bas survived 
the removal of the second gland for at least 5 days. The third is tbe resem- 
blance between tbe failure of toe circular coat to react to drugs stimulating its 
nervous plexus, and a similaT failure produced by keeping exc'ised normal 
intestine at low temperamres. Tbe fourth is the inefficacy of cortical hormone 
to mstore the functional loss of the isolated tissue. These facts are best ex- 
plamed by the assumption that the pathological phenomena observed in the 
?ut are consequences of the disturbances pranced in the whole organism bv 
t-ie absence of suprarenal secretion, and are nor primarv effects of lack of 
hormone on the intestinal tissue. Keither the metabolic dbturbances «een in 
suprarenalectomized animal nor its increased susceptibilitv to the toxic 
ctiect c.f am-, a-, r.^ecteu in the reactions of the isolated mtestine 
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SUMMABY 

1. Of sixty-one suprarenalectomized rabbi^, one-half developed ‘chronic’ 

deficiency, ending in death. The survival time ranged from 1 to 69 days. 
Among the signs exhibited by these animals were visceral atrophy and spastic 
contraction of the small intestine. — 

2. Isolated strips of the jejunum of the chronically deficient rabbits were 
suspended in glucose-free oxygenated Tyrode’s solution when there were indi- 
cations that death was imminent. 

3. The spontaneous activity of the longitudinal coat was normal in cha- 
racter; its duration was shortened in some of the animals. 

4. The circular coat frequently developed powerful spasmodic rhythmic 
contractions not 'encountered in the normal controls. 

6. The intestine utilized glucose as well as pyruvate. In the longitudmal 
muscle, glucose restored both the spontaneous activity and the contractions 
induced by drugs; lactate was not used as a source of energy and req 
the- presence of glucose for its action. All these reactions are the same in t e 
deficient and the normal animal. . .... 

6. Phloridzm and iodoacetate displayed an unusually powerful inhibition 

only in one instance. . . 

7. The responses of the longitudinal coat to stimulating and to inhi ite^ 
drugs were normal. In addition to the substances discussed with regar o 
their effect on the circular coat (see below), responses to histamine, ace y 
choline, adrenaline and ephedrine were examined. ' 

8. Substances causing contraction of the normal circular coat by ac lo 

on Auerbach’s plexus often failed to do so in the deficient animal. The re^o 
to lactate was most frequently absent, that to eserine less often, an t a 
hypertonic solutions or to nicotine was only rarely affected. -j \ , 

9. Drugs stimulating the muscle itself (muscarine, potassium chlori 
variably elicited normal responses of the circular layer. 

10. The abnormal functions were not restored by cortical extracts, 
interpreted as secondary effects of suprarenalectomy caused by pn 


are 


deficiencies in other organs. 
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AN EFFECT OF BARBITURATES ON 
SERUM CHOLINESTERASE 

By F. SCHCTZ, From the Mental Disease Research Department, 

The Medical School, University of Birmingham 

(Received 4 November 1942) 

Several papers have been published on the cholinesterase activity of Bemm 
in various physiological and pathological conditions [Hall <fc Ettinger, 1937 ; 
Hall & Lucas, 1937; Stedman, 1935; Antopol, Tnchman & ShiErin, 1937; 
Jones k Stadie, 1939] and a number of inhibitors of the enzyme has been 
studied [Roepke, 1937]. Barbiturates vrere found to have no effect on the 
cholinesterase in vitro [Bemheim & Bemheim, 1936], but no investigation has 
been reported of a possible effect of prolonged administration of these drugs. 
Since many drugs of this group are slovr acting and are often given for long 
periods of time, it seemed justifiable to investigate whether they had any 
effect in vivo. 

The present paper describes the decrease of cholinesterase activity of serum 
after prolonged administration of two barbiturates in human beings; no evi- 
dence could be found for it being due to the action of an inhibitor of the 
enzyme. It is therefore inferred that the decreased activity is due to an 
actual diminution of the amount of enzyme present. 

Methods 

From several young and healthy subjects blood was taken from a vein six 
or eight times during one day, and from a number of guinea-pigs by heart 
puncture four times daily. This was repeated after a few days. It was found 
that the cholinesterase activity of senun from blood taken in the morning 
(before breakfast, or, in the case of the guinea-pigs, after they were kept 
fasting over night) was nearly always the highest, and was reasonably con- 
stant in the same individual. 

For the estimation of cholinesterase, the HaH & Lucas [1937] modification 
of the continuous titration method of Willstatter, Kuhn, Lind & Memmen 
[1927] and Knaffi-Lenz [1923] was used. The serum (0-5 ml.) was added to 
1^0 of CO„-free water in a large test-tube (70 mL) immersed in a water 
bath at 37° C. ( + 0-1). A similar test-tube containing phosphate buffer (pH 8) 

17 
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and tlie same quantity of the same serum was placed* very near ia the same 
water bath. Four drops of 0'4% cresol red (made up without alcohol) were 
added as indicator to each tube. When the contents of the tubes had reached 
the temperature of the water bath, 25 mg. acetylcholine chloride in 1 ml. 
were added to the contents-of the first tube. A continuous addition of O'OlA 
hfaOH to this tube, at just the rate to keep the colour in both tubes equal, 
was started as soon as possible' (i.e. wit^ 30 sec.) after the substrate had 
been added to the enzyme in the first tube. The burette was read every few 
minutes. These readings were plotted against time (min.) and the slope o 
the curve for the first 10 min , starting from the first reading was detennin 
graphically. The curve for the first 10 min. is usually perfectly straight. The 
slope of this curve appears to be a most accurate expression of the cholinesterase 
activity of serum and is referred to in this paper as the ‘rate of hydrolysis , 
The non-enzymic rate of hydrolysis of the same amount of substrate un er 
the same conditions was found to be 0-020, as an average of six determina 
tions. Because this value is small and would not influence any of the con 
elusions drawn in this paper, it was neglected. , 

A small glass stirrer of the ring type was used in the vessel where ^ 
enzyme reaction took place, but was lifted out frequently for a few secon ^ 
when the colours in the vessels were compared. The vessel was close J ^ 
cork into which the lower end of the burette was fixed. The heating 
the water bath was screened and the titrations were carried out by ay g 
A sheet of paper painted with the complementary colour (greenish ye ow 
the reddish blue colour of the indicator (at 8-0) was placed near y,^^^ 
' that the eye could rest on it at intervals. This was thought to increas 

accuracy of the colour perception. • i, +>, edles 

Since it was found that some of the bactericidal fluids in whic 6 
for venous pvmcture are sometimes kept were potent inhibitors o t e 
esterase, only clean boiled needles were used. Care was taken 
haemolysis since this disturbs the colour readings. 1-2 hr.^ after 
was taken, the clot was detached and centrifuged. The activity o^ ^ 
was usually determined on the same day; sometimes this 
the following day, the serum being kept in the ice chest ( + d •)• 
did not influence the activity to any appreciable extent. 


Eesults 

Decrease of cholinesterase activity after barbiturates ^ 

When it was found that single and comparatively large 

barbitone soluble (40 mg. subcutaneously) in guinea-pigs, an ^nal) 

in single doses of 195 mg. in human beings, had no o vious ^ hffin 

cholinesterase activity of the serum, 2, 8 and 24 hr. a 
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^ven, experiments 'were earned out in oidei to find ont "wlietlier prolonged 
administration in doses not cansing obvious narcosis bad any influence. 

Since the maiority of patients suffering ■from epilepsy are to-day treated 
rdth barbiturates, tbe sera of a number of sucb patients vrere assayed. Tbe 
results are sbomi in Table 1. In order to enable one to distinguisb between 
the action of tbe barbiturates and tbe eventual effect of tbe disease or tbe 
epileptic fits, and since there are very few epileptics under no treatment to-day , 
some patients suffering from other mental diseases were selected, and tbe 
same barbiturate treatment was given to them as to tbe epileptics for varying 
periods of time. Tbe values obtained from these non-epileptics, when treated 
mth the same drug for about 21 days, were found not to differ significantly 
from tbe average values obtained from epileptics (see tbe last four values 
pven in column 1 of Table 1). All persons of column 1 were treated for at 
least 3 weeks, and most of them for much longer periods, with pbenyl-metbyl 
barbituric acid (Metbopbenobarbital); most of them received twice daily a 
dose of 195 mg., a few of them receiving one sucb dose in tbe morning and 
double this dose in tbe evening. Some of them bad been treated with metbyl- 
ethyl-pbenyl barbituric acid (Pbemitone) some months eatber. In column 2 
of Table 1 tbe values are given for patients selected at random, and column 3 
gives values for ‘healthy persons’. 

Blood was taken from all subjects, except blood donors, in tbe morning 
before breakfast; from blood donors it was taken in tbe afternoon, at least 
3 hr. after the last meal. 

It can be seen from Table 1 that tbe values from aU subjects under barbi- 
turate treatment are considerably lower than those of tbe controls, ffurtber 
proof that tbe reduction found was due to tbe barbiturate treatment has 
been provided, moreover, by tbe repeated determination of tbe serum activity 
of a number of patients who were \mdet tbe treatment for a long time and 
rvho were taken off and put again under tbe treatment [Sebutz. 1941]. 

Tod & Jones [1937], though noting tbe great scattering of their results 
obtained from epileptics, found rather low values in sucb cases. Stedman & 
Bussell [1937] also found low values in epileptics. Table 1 shows that tbe 
values obtaiaed from imtreated epileptics ate not lower than those from other 
subjects. This is confirmed by the findings mentioned above [Sebutz, 1941] 
■'^hen tbe treatment was discontinued in sucb patients. It seems very probable' 
therefore, that the lower values found by Tod & Jones and by Stedman & 
Bussell in epileptic subjects were due to some treatment and have no con- 
Dexion with the epilepsy. 


The values of tbe standard deviation of the average \ -n-hich 

urc given in Table 1, show that the results do not show very great spread 
the nverage values of columns 1 and 3 are Xj and x,, and their respective 


17—2 
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standard deviations o-j and erg , then /^o ; ~ 

1 V(cr?+cri) 

is very significant. The average values of columns 2 and 3 (Table 1) are 
similar and, if the above-mentioned expression is calculated for colninns 
1 and 2, it becomes even greater still ( > 9). 


Table 1. Showing cholinesterase activity of serum 

. voL of O-OliV^ NaOH in ml. * 
Rate of hydrolysm = r; ^ — — r- tu. 

•’ f.imA in imn. 


26 mg. acetylcholine 


Under barbiturate treatment 
(for at least 3 weeks) 

B. L.R. 0-726 

G. T. 0-067 

H. G. 0-763 

V. O.W. 0-682 

E.L. 0-648 

J.H.A. 0-930 

J.B. 0-682 

W. P. 0-448 

W.EJ. 0-732 

BJd3. 0-767 

C. C. 0-418 

O.P. 0-781 

C.J. 1-062 

M.A.P. 0-967 

S.B. (melancholia) 0-546 

W.hLF. (schizophrenia) 0-688 
P j. (sohizophreiiia) 0-798 

M.W. (melancholia) 0-490 

Average (n = 18) 0-714 


time in mm. 

chloride, 0-6 ml. serum, pH 8-0, 37-0° C. 

Controls 


Different cases under 
no treatment 

Duodenal nicer 1-026 

Attriety nenrosis 2-230 

Epilep^ 2-370 

Melancholia 2-025 

Diverticulitis 1 -440 

Melancholia 2-810 

Schizophrenia 2-695 

Gastric ulcer 1-330 

Schizophrenia 1-980 

Epilepsy 2-660 

Confusional insanity 1-740 
Insanity with fits 1-226 

Epilepsy 2-413 


(n = 13) 


Students, blood 
donors, etc. 


L.D.A. 

E.S. 

FB. 

G.L. 

G.H. 

Blood donor 


2-274 

1-629 

1- 705 

2- 070 
2-906 
2-046 
2-340 

1- 172 

2- 660 

1- 250 

2- 340 


s.n.M. ±0-043 

• The actual rates hare 


2-048 (n = ll) 
±0-140 

been multiplied by 10, in columns 2 and 3. 


±0-168 


Exjieriments in -vitro 

Addition of the drugs to serum. After it tvas found that the 
caused, after prolonged treatment, a decrease of the chores 
of serum, the question arose whether this effect wm due ® ^ e in 

the enzyme. Lmheim & Bemheim [1936] found that 
0-001 Af concentration had no inhibitory effect on t e c p nrtn-ntfor the 
of brain in vitro. Since this question of direct inhibition is ^ 
interpretation of the results described here, some ^n 

carried out, using two barbiturates and vanous concen nbenobarbitone 

- Sera of normal subjects were mixed (1:1) with solution P gi^ce 

from 0-6 to 4% (0-02 to 0-16M) and left standing at serum 

the drug gives a strongly alkaline solution, equal quan 

mixed with 0-9% NaCI solution (1 :1) The activity of both 

NaOH as the barbiturate serum o of serum. Since the 

solutions was determined using the eqmvalent of 0 o mi. o 
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action of some inMbitofs is kno’sm to take place slo-wly, and since it is knonm 
tliat (for example -nitli eserine) the cholinesterase xeqnires 8 hr. to reach 
eqnihbrium [Roepke, 1937], the mixtnres n-ere left standing for different times 
np to 6 hr. at room temperature and thereafter for 18 hr. in the ice chest 
before the determination Txas made. The other barbiturate nsed (hlethopheno- 
barbital) is scarcely soluble in 'svater, but it xras found eventually that up to 
2-3 mg. are soluble in serum itself at room^ temperature. To controls, an 
eijuimolar amount of RaCl vas added. In none of these cases could any 
difference be detected between the activity of the sera to which the drug had 
been added in vitro and the controls. In the case of the strongly alkaline 
phenobarbitone and the alkaline control serum mixture, a sHght decrease was 
evident after 22 hr., but it was equal in both and probably due only to the 
alkahnity of the mixtures. 

From these experiments it was clear that the described effects of the drugs 
in vivo could not be explained by a direct inhibiting action of the drug on the 
enzyme. These experiments could not, of course, exclude the possibility that 
tbe drug being decomposed (detoxicated) in the organism, could at some 
state be converted into an inhibitor, or cause the formation, or increase the 
amount, of such an agent. Some further experiments were therefore carried 
out which could show the presence of an inhibiting substance in those sera 
which were obtained from subjects to whom a slow-acting barbiturate had 
been given over a long period. When normal sera (from man or horse) with 
their usual high cholinesterase activities were mixed with sera from subjects 
under barbiturate treatment, no reduction in tbe activity of the former hy 
tbe latter was observed. 

DwJysis of sera. Some enzyme inhibitors are known to be removable from 
the enzyme by dialysis, like eserine from cholinesterase [llatthes, 1930]. 
Stedman &, Russell [1937] have shown thaji the inhibitory effect of prostigmine 
on the actmty of corpuscles disappears during the process of washing. Sera 
from subjects who were given barbiturates were therefore dialysed for periods 
up to 30 hr. iu the ice chest, in collodion or cellophane against distilled water 
saturated with chloroform. The distilled water was changed from 10 to 14 
times during that period. Ro increase of activity could be observed, even if 
the concentrated dialysate of normal serum was added to the dialysed serum 

m order to replace anv activators lost by dialysis [Isachmausohn & Lederer 
1939], 

Shape of titration curves. The most accurate way of investigating whether 
UQ inhibitor of a competitive type is present is the determination of the 
dissociation constant of the cholinesterase-acetylcholine complex. The value 
uf determining this constant in unpurified sera, however, is doubtful, and, 
since It is not known what inhibitors and possible activators of the enzyme 
reaction would be removed during the purification, no attempt was made to 
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tarn information in this way. It appears, however, that a strong indication 
lor the presence of aft inHbitor could be obtained by an analysis of the 
f titration curves themselves, or by a quantitative estimation 

01 the decrease (or increase) of the rate of hydrolysis with time. 

t IS well known that the rate of the enzyme-substrate reaction decreases 
more or less quickly with time according to the amount of substrate present 
at any given time. In many cases it is not only the decrease of the amount 
o sul^trate which is responsible for this decrease in the reaction rate, but 
a o t e fact that one or more of the split products are inhibitors of the 
en^j^e-substrate action. In the case of the enzymic hydrolysis of acetyl- 
c oline by choline esterase, one split product, namely choline, is known to be 
an inhibitor [Roepke, 1937]. The decrease of the rate of the enzyme hydrolysis 
o acetylcholine with time can, therefore, be attributed to the gradual decrease . 
of the amount of acetylcholine present, and to the gradually increasing amount 
of choline set free during the reaction. If the enzyme which is added to an 
excess amount of acetylcholine (as is the case in my determinations) were 
inhibited by an inhibitor of the competitive type, the rate of hydrolysis would 
not be expected to decrease to tbe same extent as it would if no such inhibitor 
were present; it could, indeed, even increase first, and later on decrease. This 
is often observed in enzyme reactions when the excess of substrate present in 
the mixture slowly displaces the inhibitor from the enzyme. 

Experiments were therefore carried out with several normal sera and with 
sera from subjects and animals to whom barbiturates had been given for a 
long period. Tbe titration was made as carefully as possible and for a longer 
period (20—40 min.) than was done usually. Smaller quantities of substrate 
were used so that the presence of an inhibitor of the competitive type could 
be detected more readily in the way just mentioned. If x is the amount of 
0-01 hi NaOH used in the titrations, and t is time in minutes, the rate of 
hydrolysis (activity of serum) is expressed in this paper with the first differ- 
ential quotient dxjdt for the period of the first 10 min. The mathematical 
expression which can show the presence of an inhibitor of the competitive 
type is the second differential quotient d^xldfi. In the case of the presence of 
a competitive inhibition, this should become zero, or even positive, or at 
least should be of a significantly lower order of magnitude than that obtained 
with normal or control sera. Relatively smaller amounts of the normal sera 
were added to the substrate in order to obtain approximately the same rate 
of hydrolysis as with the sera from the subjects who were under the influence 
of barbiturates. The gradual decrease of substrate, and the consequent gradual 
increase of chohne, was therefore much the same in both cases. Any pro- 
nounced difference in dh:jdt^ would thus be significant. X was plotted against 
time and the values of dxjdt were obtained grapbically in the usual way at 
points corresponding to 3, 9 and 16 min. after the substrate wen nddpd to the 
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enzyme. From ttese figmes d^xjdl? ^vas calculated. Typical lesults of sucli 
experiments are stown in Table 2, from rvbicb it can be seen that tbe values 
of d^ldi} are of the same order of magnitude in all cases. They certainly 
never became zero or positive. . 


Table 2. ShoTring the values of dh:ldP found with control sera and with sera from patients 
under barbiturate treatment, or with the drug added in vitro to normal semm 


Rates approximately equal; i=ml. O ip.A'' NaOH; J=min. 


' X 10* t=6 

(ihE/d;»)xl(R t = 12 


Control 

6 mg. acetylcholine chloride 
with 0-2 mL serum 

, ^ > 

Blood 

donor J.H.A. E.C. 

-1-73 -2-18 -1-21 

-1-70 -1-10 -0-60 


Barbiturates 

6 mg. acetylcholine chloride with 



0-2 ml. 

normal 0-6 ml. 

semm. serum 

Drug added , * 1 

in cilro A.M11L H.W.6. 

-4-33 - 3-57 -1-30 

-1-48 -1-00 -1-20 


Trom these results it appears very unlikely that the low activity resulting 
from the administration of the drug in vivo conld he due to the presence of 
a competitive inhibitor. 

Although eserine and prostigmiue ate also competitors of the substrate for 
the enzyme [Easson & Stedman, 1936] their inhibiting action seems to be due 
mainly to a non-competitive action on the enzyme, since this action is not 
altered by the amount of substrate present [Roepke, 1957]. Though the 
presence of such aa inhibitor in my experiments appears to be unlikely, there 
remains, of course, the possibdity that, although I could not find any in- 
hibiting action of the drug on the enzyme in vitro using nnpurified serum, 
an inhibiting action of the drug would appear wheu a purified enzyme 
preparation was used. Such an inhibiting action however could not be so 
powerful, and it is unlikely that the great decrease I have observed could he 
attributed to such an agent. 

Considering these facts it seems that the low cholinesterase activity found 
m the serum after prolonged administration of barbiturates can be attributed 
to true diminution of the amount of the enzyme present rather than to an 
mhibition of the latter. 


Quantitative estimation of the decrease of cholinesterase; 
equivalent amount of enzyme 'present 

The values given in Table 1, though showing a significant decrease of the 
cholinesterase actitity, do not, of conrse, enable a correct estimation of the 
extent of this decrease to be made. Though there exist mathematical relation- 
ships between the amount of cholinesterase present and the rate of hydrolysis 
of acetylcholine, which resembles the type of a unimolecuJar reaction 
■ lilatthes, 1930], it was thought desirable to investigate this question sepa- 
rately for the particular material used (unpnrified human semm). 
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Different quantities of several sera were added to the usual amount of 
acetylcholine chloride and the activity determined in the usual way. If the 
values of the rate of liydrolysis found with these different quantities were 
plotted against the amount of serum, a characteristic curve was obtained. 
The nearest approach to a straight hne was obtained when the logarithm of 
the rate (r) was plotted against the logarithm of the amount of serum (c). In 
this case a nearly perfect straight line was obtained which could be expre^ed 
by the equation r=c®''^®® x 0‘396, the constants having been determined 
graphically. From Table 3 it can be seen that the values of the calculated 
rates of hydrolysis do not differ by more than 7 % from the observed values. 



quantities of serum from one normal subject 8*0 and 37° C.) 


ml. 

Rate of hydrolysis (found) 

serum 

ml. 0-01 iV NaOH/min. 

1-0* 

0-422 

0-6 

0-266 

0-26 

0-1426 

0-126 

0-0802 


Kate 

calculated 

0-3963' 

0 2376 
0-1423 
0-0862 


Since the rates given in Table 3 cover the whole range found with 0 • 

of aU the human sera hitherto examined, the above equation could serve we 
for the estimation of the equivalent amount of enzyme present in any pa 

ticular serum. _ 

Applying it to the resxilts given in Table 1 and designating t e ave 
equivalent amoimt of the enzyme present in the sera of healt y P . 

(Table 1, column 3, average rate foimd 0-2088) to be 100%, then o y o 
was found as an average in sera of persons to whom the stated ar ^ 
was given for a prolonged period of time (Table 1, column 1, ra 
0-0714). The decrease, therefore, must be regarded as considerable. 


Negative results 

In the course of the investigation described above a number of exp ' ^ 

was carried out in order to discover other possible sources of error _ 

other factors which might influence the cholinesterase acfevity o ^ 

None of the conditions mentioned below was found to alter the c o 
activity of serum to an appreciable extent. Anaphylactic s oc +jon 

and two guinea-pigs), Leptazol convulsions (two rabbits), j. . 

(two men), 4 min. standing running (two men), lack of sleep (on ^ 
awake for 42 hr.), and single doses of NaBr (4g.), amphetamme sulp 
(10 mg.) and caffeine (0-4-0-6 g.) in men. 
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Disctjssiox 

The decrease of cliolmesterase activity resulting from the administration of 
barhitnrates appears to be due to a true diminntion of the amount of enzyme 
present. The simplest explanation for this phenomenon seems to he that the 
cholinergic system under the influence of the narcotic produces a relatively 
loirer amount of acetylcholine, that consequently the need for the enzyme 
decreases and the latter diminishes in quantity. Under this assumption the 
cholinesterase might veil he looked upon as providing an indication of the 
average level of activity of the cholinergic system of the particular individual. 

This explanation finds ample support in the values ^onnd hy other authors. 
Hi^er enzyme activity vas found in states of anxiety [Jones & Stadie, 1939; 
Tod & Jones, 1937], in beri-beri [Antopol, Glaubach & Glick, 1939]. Lover 
activity is nov definitely ascertained to exist in cases of myasthenia gravis 
[Stedman & Russell, 1937] in cases of stupor, advanced phthisi»aud carcinoma 
[Jones & Stadie, 1939; Tod & Jones, 1937]. In all these cases a permanent 
change in the average level of muscular activity has taken place. Tod & Jones 
[1937] arrived at a conception not dissinular to the one expressed above, and 
pointed out that the tvo opposite mental states of anxiety and stupor have 
accordingly a higher and a lover cholinesterase activity of serum than normals. 
They report also lov values in cases suffering from epilepsy. This vould not 
agree with their explanation but, as already mentioned, the values found by 
these authors in epilepsy, as veU. as the lov values reported in the same 
disease by Stedman & Russell [1937], might perhaps have been due to some 
treatment. 

It is apparent that the cholinergic system is normally remarkably stable, 
and that cholinesterase activity remains unaltered by only transient changes 
m bodily activity. Repeated injections of acetylcholine, for instance, have no 
influence on the cholinesterase activity of dogs’ serum [FTnll & Ettinger, 1937], 
nor is it altered by injections of adrenaline in doses suflicient to alter the blood 
pressure [Antopol ef al. 1939]. Since the very transient effect of both these 
drugs is veil knovn, it is not surprising that single injections at relatively 
•long intervals are not able to alter permanently vhat might be called the 
average level of activity of the cholinergic system, and that injections of 
short acting substances are therefore not folloved by a change in the enzyme 
system. Emmelin [1939] discovered that some indifferent narcotics like the 
slov-acting barbiturates, Phenobarbitone soluble, etc., markedly increase the 
action of acetylcholine on the rectus muscle of the frog, and that this increased 
sensitivity is not due to an inhibition of the cholinesterase by physostigmine 
b hether or hov this interesting fact is involved in the decrease of the enzyme 
after prolonged barbiturate treatment, vbich is described in this naner 
not yet uossible to state. " ’ 
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SUMMABY 

1. The serum cholinesterase activity of blood when taken in the morning 
from fasting individuals was foimd to give the most characteristic and re- 
peatable values for any particular individual. 

2. It was found to be much reduced after prolonged administration of 
Phenobarbitone soluble or phenyl-methyl barbituric acid, while it appeared 
unaltered after a single large dose of these drugs. 

3. Some in vitro experiments are described, from which, as well as from the 
shape of the titration curves, it appears most likely that this decrease is due 
to a true diminution the amount of enzyme present rather than to t e 
action of an inhibitor of the competitive or non-competitive type., 

4. The average decrease found in sera of human beings was estimated y 
means of a characteristic curve constructed for unpurified human serum, n 
found to be equivalent to a reduction of the amount of enzyme present . 
approximately 22% of the average amount of enzyme present in untrea 
individuals. 

6. Various acute conditions (anaphylactic shock, Leptazol 
severe muscular exercise, over-ventilation, lack of sleep) were all oun no 
to alter the cholinesterase activity of serum to an obvious extent, nor a^ 
single large doses of NaBr, caffeine, or amphetamine any obvious e ec . 
simplest theory to account for these results is discussed. 

I am greatly indebted to Prof. P. 0. Qoake for valnable advice and 
work. I am equally grateful to Dr J. J. O’Reilly, Medical Superintendent o e ^ 

City Mental Hospital, Winson Green, for many helpful diaonssions, for pro-ndi^ m ^ 

necessary material from the patients under his care, for altering within the 

treatment given to a number of them, as this appeared important for tb^ 

hia kind help in all matters concerning the investigation. I further wis to and 

and Baker, Ltd., for presenting a pure sample of phenyl-methyl , v jg (Btnie- 

Messrs Menley and James, Ltd., for presenting a pure sample of amphetamme p 

drine). f 
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THE EFFECT OF BARBITURATES ON THE CHOLIN- 
ESTERASE IN DIFFERENT TISSUES 

By F. BCHOTZ, From the Mental Disease Research Department, 

The Medical School, University of Birmingham 

{Received 12 November 1942) 

[n the foregoing paper [Schutz, 1943] an effect is described of the prolonged 
idministration of barbiturates on the cholinesterase activity of serum. This 
(vas found to be reduced after the drug had been given for some time, and 
farther experiments showed that the reduced activity was due to a decrease 
of the amount of enzyme present in the serum, rather than to the action of 
an inhibitor. 

Stedman & Bussell [1937] have ascertained that in cases of myasthenia 
gravis the values of the cholinesterase activity of serum are lower than normal. 
They have, furthermore, examined the activity of whole blood and of cor- 
puscles, anh. have found the values of the latter to be normal. They suggest 
that the activity of the corpuscles might represent the amount of enzyme 
present in the tissues, and the lowered serum values in myasthenia gravis 
might be the first result of an attempt of the body to compensate for its 
deficiency in acetylcholine by reducing the amount of cholinesterase available 
for its destruction. 

The discovery of the lowering of the enzyme in serum after barbiturates 
made it possible to investigate directly the cholinesterase in the tissues as well 
as in the serum, and to ascertain if, in the case of barbiturate treatment at 
any rate, the lower values in the serum precede the lowering of the enzyme 
activity in the tissues. 

Method 

The most suitable animab for these experiments were guinea-pigs, because of 
the high cholinesterase activity of the serum and other tissues. One drug, 
soluble phenobarbitone B.P., was administered by subcutaneous injections. 
The controls were injected with an equal volume of saline. A number of 
animals was kept under barbiturate by oral administration of a water-insoluble 
harbiturate (phenyl-methyl barbituric acid). This route of administration 
provides, of course, a less reliable measure of dosage, but it was thought to 
have the advantage of being less objectionable than very numerous injections. 
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The dosage, moreover, had to be altered frequently during the course of tie 
treatment, because a uniform and visible effect of the narcotic on the mobihty 
and behaviour of the animals was aimed at. If visible effects were not evident, 
the dose was slightly increased, or, if an animal was under full narcosis, tie 
dose was slightly decreased. These small alterations could be conveniently 


carried out by means of the oral administration. 

After different periods of time, the animals were killed, and the blood was 
collected in Petri dishes and the serum obtained in the usual way. Immediately 
after kdling, the brain, spinal cord and a piece of muscle were prepared. The 
brain (including the medulla oblongata) and the spinal cord were washed 
rmder running tap water, and freed from all the visible blood vessels. The 
‘muscle’ was always the entire femoral musculature. The water was allowed 
to drain off from these three organs and they were cut into fine pieces m 
separate mortars. Thereafter they were ground thoroughly with cleaned dry 
sand for at least 10 min. To this paste a few ml. of phosphate buffer 
(pH 8) were added and well mixed. Gradually more buffer was added until 
approximately one-third of the total volume appeared still liquid after 16 inm- 
The mixture was then left standing for 1 hr. at room temperature, centrifug 
and the supernatant liquid dialysed at -p 4° C. in collodion tubes under ite 
own pressure against distilled water saturated with chloroform. The dialysis 
was essential, because phosphates are known inhibitors of cholinesterase, an 
because the activity was determined by a continuous titration method, e 
chloroform was added to inhibit bacterial growth. The distilled^ water was 
changed at least eight times in 24 hr. Thereafter the activity of a samp e o 
the dialysed extract was determined by means of the continuous titration 


method of HaU & Lucas [1937] as described in the foregoing paper. 

The extracts of the brain and spinal cord were dialysed for 18-24 hr. o^e 
the determination, the extracts of muscle for 36—42 hr. One ml. of the dia yse 
extract was evaporated to dryness on a boiling water bath and the so 
residue weighed. The activity was expressed by the number representmg 
slope of the titration curve (rate of hydrolysis = ml. 0-01 117 NaOH/min.) m ^ 
polated for the first 10 min. after the addition of the 25 mg. acety c 
chloride in 1 ml. to the extract (=rate of hydrolysis, 37 C., pH 8 0). 
control vessel, containing the buffer solution (pH 8-0), an equal 
extract was added, and in both tubes the same indicator (4 drops o o 
non-alcoholic solution of cresol red) was used. The activity of the eJ^ac 
finally expressed by the ‘weight number’ which was obtained from ^ ® ^ 
mentioned data by means of the following expression: n = rx 10/pa, w n 

the ‘weight number’, rotate of hydrolysis, p = dry weight per ml. 0 e 

and V = the volume in ml. used in the determination. k i f nm 

The usual amount of liquid extract obtained after dialysis was ^ ^ ^ ' 
one total spinal cord and approximately 8-10 ml. ft 
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muscle, taken as described above. Usually 3 ml. ■were used for one deter- 
mination to act upon 25 mg. acetylcboline cbloride. 

The activity of tbe serum vras determined by means of tbe method men- 
tioned in tbe foregoing paper. 

Eesults 

Guinea-pigs vere treated 'witb pbenobarbitone soluble by subcutaneous in- 
jections for 14-18 days. Tbe doses vrere given tbrice daily at intervals of 8 bi. 
A fevr times during tbe vrbole period of administration tbe doses rvere given 
trice daily at intervals of 12 hr. Approrimately 10-16 mg. per animal vere 
given tbrice daily, but as mentioned above, more or less vras given according 
to its effect. Tbe effect obtained vas very clearly visible; not only vrere tbe 
animals less active than tbe controls, but they usually bad tbeir eyes balf-closed 
and reacted mucb less to stimub sucb as tbe opening of tbe cage, etc. If this 
effect vras not obtained, tbe dose vras sbgbtly increased, and conversely, if tbe 
animal lay dovm and reacted only sbgbtly or not at aU to stimub like touch, 
the dose vas decreased or one dose entirely omitted. Three guinea-pigs were 
treated by oral administration of pbenyl-methyl barbituric acid as described 
above. "With these animals a permanent effect on mobibty and behaviour 
was web visible with doses averaging 15 mg. per day. Since it bad been 
previously found that only large, fuUy grovm, guinea-pigs showed significant 
results after administration of barbiturates, only such animals were used in 
the experiments described below. 

Table 1. Guinea-pigs given baxbitnrotes over a period of at least 2 vreeks 


Cholin^erase activity expressed Cholinesterase activity expressed in 

in ‘weight numbers ‘rate of hydrolysis’; 25 mg. acetvi- 


'>’o. 

Brain 

Spinal cord 

S 

Muscle 

choline chloride ->-0-5 mL semm 
Serum 

1 

30-1 

40-4 

3-42 



o 

3S-6 

33-8 

10-25 

0-109S 

3 

46-5 

6S-0 

11-28 


4 

37-5 

45-S 

8-17 

0-1120 

5 

32-4 

60-0 

9-66 

0-1976 

6 

2S-0 

13-97 

6-7 

0-1105 

7 

Average 

29-3 

52-6 

8-5 

0-1377 

34-6 

44-9 

S-26 

0-1320 

S.B.M. 

(=2-5) 

( =6-S) 

(±1-0) 

(ihO-0175) 


The results expressed in weight numbers found in different tissues of these 

animals are shown in Table 1. The number given for the activity of normal semm 

IS the average of eighteen determinations and represents the =rate of hvdro- 
l^is’ of 25 mg. acetylcholine chloride obtained with 0-5 ml. serum at '®H 8 
and Zr C. Since the sera were thought to be a more uniform material no 
tl^-weight determinations of these were made, and tbns no ‘ wei-bt numbers’ 
01 the sera are given. The results obtained with control animab are given in 
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Table 2. Normal guinea-pigs 


Cholinesterase activity expressed 
' in ‘weight numbers^ 


Cholinesterase activity eipresaed in 
‘rate of hydrolysis’; 26 mg. acetyl- 


/ 

Brain 

Spinal cord 

Muscle 

Serum 

46-1 

99-0 

11-7 

' 

38-6 

96-0 

14-22 


47-6 

102-8 

14-3 

n = 18 

38-7 

86-8 

14-7 


41-8 

72-8 

19-66 


31-23 

96-9 

14-6 


40-1 

92-2 

14-7 

0-2104 

(±2-4) 

(±4-45) 

(±1-06) 

(±00106) 


Average 

S.D.M. 

From Tables 1 and 2 it can be seen that d decrease of cholinesterase activity 
is evident in the serum, spinal cord and muscle of the animals under barbi- 
turate treatment. A small and probably insignificant decrease was found m 
the brains. No significant difference between the effect of the two barbiturates 
used could be ascertained with the small number of animals used. 

From Table 3 it can be seen that the average reduction of the cholinesterase 
activity of spinal cord and muscle extracts is aroimd 60 % ; that of serum is 
around 40%. The reduction of the serum activity is thus much less pro 
nounced than that reported for sera of man after barbiturate treatment (see 
foregoing paper). 

Table 3. Guinea-pigs: average values of cholinesterase activity 

Cholmesterase activity MprejW Jn 
‘rate of hydrolyais’; 26 mg. a«tyl- 

choline chlondc -1- 0-6 ml. s® 
Serum 
0-2104 
(±00165) 

0-1320 
(±0-0176) 

38 


Cholinesterase activity eipreaaed 
in ‘weight numbers’ 


Normal (7i = 0) 

Barbiturate (a = 7) 

Decrease after barbi- 
turate treatment (%) 
Signifioanoe of 
difference 


A 

Brain 

Spinal cord 

Muscle 

401 

92-2 

14-7 

(±2-4) 

(±4-4) 

(±M) 

34-6 

44-9 

8-4 

(±2-6) 

(±6'8) 

(±1-0) 

14 

61 

44 

1-6 

6-8 

4-6 

(<3) 

(>3) 

(>3) 


(n=18) 

(fl=7) 


3-3 

(>3) 


the 


The numbers in Table 3 under ‘Significance of difference’ represent 
value of the expression ivhere and are the average res 

of the two groups of animals (treated and controls), and o-j and vj the c 
sponding standard deviations of these average results. The above - 

should be at least 3-056 according to Fisher’s tables [1926] for the 
freedom of the number of our experiments, if the differences are to e rega 
as significant. It can be seen that for spinal cord, muscle and , 

differences observed may be regarded as significant, while the va nes o ® 
with brain extracts from treated animals do not represent a si^ 
decrease. . 



BAP^BITURATES AND TISSUE CHOLINESTERASE 2r3 

Enithei, three guinea-pigs -were treated rvith phenyl-methyl barbituric acid 
(orally) in the same rray as described above and MUed earher after the start 
of the treatment than the ones previously mentioned. These experiments mere 
carried out in order to obtain some information as to mhether the decrease of 
the enzyme in the serum precedes the decrease in other tissues, and if a 
‘deranged distribution’ of the enzyme could be ascertained in this case. The 
three guinea-pigs of this series mere killed 5, 8 and 11 days respectively after 
the start of the treatment. The results are given m Table 4. 


Table 4. Guin^-pigs treated fox different periods. Cbolinestexase activity expressed 
per dry vreight of extracts (vreiglit numbers) ox as rate of hydrolysis (serum) 


Days treated 

Brain 

Spinal cord 

Masde 

Semm 

5 

33-8 

59-1 

9-3 

0-1866 

8 

33-0 

52-2 

10-6 

0-1240 

11 

33-1 

60d) 

S-5 

0-167S 

Average farm guinea-pigB treated 

34-6 

44-9 

8-26 

0-1320 

for at least 2 weeks (n =7) 

(=2-5) 

(=6-8) 

(il-0) 

(iO0175) 

Average from controls (n =3) 

401 

(=2-4) 

92-2 

^i:4-45) 

14-7 

(=1-06) 

0-2090 

(i0d)17S) 


As can be seen from Table 4, no evidence could be found that the effect 
upon the cholinesterase developed mote quickly in any one of the mentioned 
tissues than in the others. 

Tmo guinea-pigs not previously treated mere brought into deep narcosis by 
soluble phenobarbitone (60 mg. snbcutaneonsly) and killed 3 hr. after the 
injection. No reduction mas found in any of the four tissues. It can he 
assumed therefore that only prolonged treatment can evoke the effect. This 
confirms the findings reported earher [Schutz, 1941] and in the foregoing paper 
that single large doses had no effect upon the serum cholinesterase in man. 

SmrciABY 

1- The prolonged administration of barbiturates causes a fall in the serum 
cholinesterase of guinea-pigs, though this is much less pronounced than in man 

2. The fall is not confined to the serum, but is evident in the spinal cord 
and muscle also. 

3. Xo significant fall mas observed in the brain. 

I- Mo evidence could be found for a ‘deranged distribution’ of the cholin- 
esterase, since the reduction started approximately at the same time in each 
of the examined tissues. 

o. The cholinesterase of brain, spinal cord, muscle or serum mas not affected 
by a single deep narcosis induced by one barbiturate. 
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THE ANTAGONISM BETWEEN THE POSTERIOR 
PITUITARY LOBE AND INSULIN 

By L. WISLICKI, From the Bepartment of Pharmacology 
Victoria University, Manchester 

{Received 19 December 1942) 

The antagonism between ins ulin and the posterior pituitary lobe was clearly 
demonstrated by Burn [1923] w^o found that in rabbits the fall of the blood 
sugar after insulin was counteracted by large doses of posterior pituitary 
extract. When the effects on blood pressure and uterus were destroyed by 
treatment with NaOH the anti-insulin action also disappeared. 

The attempt to explain the mechanism of this antagonism and to deci e 
the question whether it was due to vasopressin or oxytocin met with many 
difficulties and led to contradictory results. It seemed, therefore, desire e 
to investigate again the influence of various extracts of the posterior pituitaiy 
lobe on the blood sugar of animals both with and without the administration 
of insulin. 

The effect of posterior pituitary extract on the level of the blood sugar, 
discovered by Borchardt [1908], can be observed after intravenous or sn 
cutaneous injection of moderate doses. The resulting hyperglycaemia 
off within about an hour. Both vasopressin and oxytocin have ^ , 

responsible for this action. Haferkorn & Lendle [1933] and BUswort [ 
found in rabbits that the blood sugar rose by 18—40 % after vasopressin, 
an increase of up to 100% was observed by Thaddea & AValey [19 J- 
dogs. Gelling & Robins [1938] found that both extracts raise the blood su^ - 
In Holman & Ellsworth’s [1936] experiments 0-0125 unit oxytocin/kg. 
sponded in hyperglycaemic action to 0-25 unit vasopressin/kg. ^ 

[1936] also foimd oxytocin the more effective substance, and Hous^y 
Magenta [1929] came to the same conclusion in their experiments on 
physectomized dogs. Himwich, Haynes & Eazikas [1932] noted that in n 
dogs plasma glucose was increased after injections of pituitrin, pitressin 
pitocin, but that it was lowered when the animals were anaest etize 
unanaesthetized dogs whose femoral vessels were exposed 
injecting and sampling Geiling, de Lawder & Eosenfeld [ 0 
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both pitressm and pitocin increased the blood sugar Tvbetber insulin bad been 
given or not. 

Other types' of antagonism between insulin and posterior pituitary lobe 
were studied by Quigley & Barnes 1^1930} and Koref & ilauntner p.926]. Tbe 
former authors found that the hypermotility of the gut after insulin was 
counteracted by pituitrin, vasopressin and oxytocin, an effect which partly 
preceded the hyperglycaemia. The latter investigators published experiments 
on the inhibition by iTisTibn of the antidiuretic effect of pituitrin. 

The antagonism to insnliTi was considered by Lambie & Bedhead [1929] to 
he possibly due to the influence of pituitrin upon the circulation which could 
cause a delay in the absorption of insulin from the tissues. The same opinion 
was held by 'Wermer & ilonguis [1933] who observed that the fall of 
blood sugar was not inhibited by pituitary extract when insulin was given 
intravenously. On the other hand, Russell & Cori [1937] concluded from their 
experiments that hypophysectomy delayed the absorption from the sub- 
cutaneous tissues. Griffiths [1911], compari:|g the effect of pituitrin on the 
blood sugar after intravenous and subcutaneous injection of insulin, came to 
the conclusion that, as regards intravenous insulin, animals reacted irregularly. 

Thaddea & IValey’s [1933] findings suggested that the blood-sugar raising 
effect of pituitrin was due to mobilization of glycogen from the liver. Bo 
hyperglycaemia occurred wheu the glycogen content had been lowered before 
by poisoning. Corresponding observations in man were made by Thaddea 
[1933]. Gelling, Campbell & Ishihawa [1927] and Lawrence & Hewlet [1925] 
believed the antagonism to insulin to he dne to an action upon the sympa- 
thetic nervous system or the suprarenals, and, consequently, upon the liver. 

From their investigations in man, Cohen & Libman [1937] concluded that 
the antagonism between posterior pituitary and insulin was dne to a peri- 
pheral action. They observed that pituitrin inhibited the development of the 
gap between arterial and venous sugar concentration (a.-v. difference) which 
otherwise appeared after the injection of m^Tilin. 

As the different conclusions Reached by the various authors could he partly 
ascribed to the very great variations in dosage and other ejq)erimental factors 
It was decided to examine under standardized conditions the action of pitui- 
trin, vasopressin and oxytocin on the blood sugar of the rabbit after intra- 
venous and subcutaneous injection of iosnliTi 


SlETHODS 


babbits wMcb bad not been fed for at least 16 hr. were given injections into 
an ear vem or under the skin. Insulin (Burroughs IVeUcome and Co) and 
pituitrin, pitressin and pitocin (Parke. Davis and Co.) were nsed Insnlin 
and pitmtary extracts were given at the same time. Blood sugar was deter- 
mined by tbe method of Hagedom-Jensen. 


rn. nn 


18 
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Results 

the blnnr)^^ 20 01 40 units of pituitrin when given by themselves caused 
tie blood sugar to nse temporarily (Kg. 1 ). their .ff«,t upon the hypo 



■Rv T -n J-ime (moiL; 

L s°gar- 

TObcntaneoualy. 40 muta i 


Rabbit, 2-1 kg. -20111111! 

— 00 units subcntaneonsly. 



Time (min.) 

Pig, 2, Effect of different subcutaneons doses of pituitrin on the blood sugar after subcutaneoas 

injection of insulin in small and large doses. Rabbit, 2-3 hg. 3 units insalin* 

3 units insulin and 20 units pituitrin, 3 units insulin and 40 units pituitrin* 

-Hf 3 units insulin and 00 units pituitrin. 20 units insulin, o — o — o 20 units insulin and 

60 units pituitrin. 


glycaemia after insulin was uncertain. Usually, 60 units of pituitrin were 
required to counteract the effect of subcutaneons injection-of 3 units of 
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insulin (Fig. 2). On tlie whole, consistent results were obtained in ten experi- 
ments. In two rabbits tbe antagonism was incomplete. Tbeir blood sugar feU 
to some extent, as sbown in Table 1. 


Table 1. Incomplete inhibition of inimlin action by pitnitrin 


Babbit 

3 units insulin 

60 units pituitrin 

3 units insulin + 
60 units pituitrin 

1-8 kg. 

subcut. 

subent. 

both subent. 

Blood sugar (mg./lOO c.c.): 

Before 

123 

117 

120 

After 10 min. 

110 

120 

118 

After 20 min. 

89 

143 

111 

After 30 min. 

67 

138 

94 

After 60 min. 

65 

116 

98 

After 90 min. 

68 

115 

85 

After 120 min. . 

61 

109 

85 

After 160 min. 

61 

112 

87 


Tbe power of pitnitrin to antagonize tbe action of insulin was limited to 
those cases in wbicb only a few nnits were injected subcutaneously. As Fig. 2 
shows tbe bypoglycaemia was not preventedi wben 20 units of insulin were 
given. 



Time (min.) 

Fig- 3. Effect of subcutaneous pituitrin on tbe blood sugar after intraTenous injection of 3 units 

of iMulin. Rabbit, 2 kg. 3 units insulin. 3 units insulin and 100 units 

punitnn. ♦ Convxilaioiis. 

The fall of blood sugar after intravenous injection of insuUn was not inhibited 
J- pitnitrin (ten animals). Even 100 units of pitnitrin did not prevent tbe 
OM sugar from faUing to 40 mg./lOO c.c. rvitbin half an bour after 3 units 
insuhnbad been given intravenously (Fig. 3). 


18—2 
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The large doses of pituitary extract had a marked general effect on the 
animals. All of them survived, but during the first hour of the experiment 
they were hyperpnoeic, ^sprawling their limbs and shoveing general signs of 
shock. Such symptoms were not present after subcutaneous injection of 
0-25% acetic acid in which pituitrin is usually dissolved (six animals). 

Table 2. Effeot of pitresain and pitooin on the blood sugar 

60 units pitressiii + 

60 units pitodn 
both BUDont. 


105 

107 
118 
125 
112 
110 
101 

108 


Babbit 

60 unite pitressin 

60 units pitocin 

2 kg. 

snbout. 

Bubout. 

X)d sugar (mg./lOO c.o.): 
Before 

108 

116 

After 10 TTiin. 

114 

116 

After 20 min. 

130 

120 • 

After 30 min. 

133 

113 

After 60 min. 

117 

118 

After 00 min. 

104 

118 

After 120 min. 

107 

111 

After 160 min. 

112 

113 



Time (min.) 

Kg. 4. Effeot of subcutaneous pituitrin, pitressin and pitodn on the 

dermic injection of 3 units of insulin. Kabbit, 2-2 kg. ^ 3 umts • insulin 

insulin and 60 units pituitrin. Iff 3 units insulin and 60 units pitressin. 

and 60 units pitressin and 60 units pitocin 3 units insulin an urn 

As the extract of the whole posterior lobe did not antagonize the a 
iriHnlin which was injected intravenously, pitressin and pitocm gjjj 

only against insulin when given subcutaneously. 'When injecte a one . 2^ 

caused the blood sugar to rise almost immediately as may be seen m 
while pitocin had no effect. The combination of pitressin and j„. 

more effective than the vasopressor extract by itself. su ^ 

jection of 3 units of insulin was partly counteracted by pi ress 
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wten the lesult was compared with the action o£ pitnitrin it was found (in 
eight experiments) that the extract of the whole lohe was much more powerful 
an antagonist to insnlin than even pitressin and pitocin together. 


Discussion . 

While our experiments confirm the blood-sugar raising effect of posterior 
pituitary extract they also show that this action is not responsible for the 
antagonism to ionTiliTi. Large doses cause a passing rise of the normal blood 
sugar but do not influence its fall after insulin. Even larger doses are required 
to counteract this hypoglycaemia, and these act only when the dose of insulin 
is small; 60 units of pituitrin will inhibit the fall of the blood sugar after 
3 units of TTiRiilin but not after a large dose. Comparing the results obtained 
after pituitrin and insnlin when injected by themselves with those produced 
by the combined injection, one sees that the inhibition of the insulin hypo- 
glycaemia is not due to the rise of the blood sugar after pituitrin being super- 
imposed upon the fall after insulin. 

The antagonism can only be observed when the insulin is given subcu- 
taneously. The failure of pituitrin, even in doses of 100 units, to counteract 
insulin when injected intravenously, suggests at first sight that the antagonism 
is due to the effect of pituitrin upon the circulation and, consequently, due to 
a delayed absorption of insulin from the subcutaneous tissue. Our results 
show, however, that pitressin has only a slight effect upon the insulin hypo- 
glycaemia. It inhibits the fall of the blood sugar to some extent, but pituitrin 
m equivalent dosage is a far stronger antagonist to insulin. If the anti-insulin 
effect of pituitrin were due to its action upon the circulation it might be 
expected that pitressin would be equally active in counteracting the hypo- 
glycaemia. In actual fact, neither pitressin by itself nor together with a 
corresponding amoimt of pitocin is as powerful in this respect as pituitrin. 

A difference in the action of insulin after intravenous and subcutaneous 
injection may be responsible for the finding that pituitrin inhibits the hypo- 
glycaemia after insulin when given subcutaneously but not when injected 
direct into the blood stream. Macleod [1926] has shown that the fall of the 
blood sugar after insulin in the first half-hour is steeper when the injection 
« given intravenously. By the subcutaneous route the effect is slower and 
less insulin is excreted in the urine. It appears that after an intravenous 
injection the mote acute action of insulin overcomes the antagonism of pituitrin 
even when the amount of insulin is small. 

The slower effect of a small subcutaneous dose of insulin is counteracted 
by a large amount of posterior pituitary extract. But when a large dose of 
insulin is given the inhibition is not powerful enough to overcome the hvno- 
Glycacmic effect. 
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SUMMABY 

1. Both pituitrin and pitressin in large doses cause a transitory liyper- 
glycaemia in the rabbit. Pitocin is ineffective. 

2. Very large doses of pituitrin inhibit the hypoglycaemia which is caused 
by small doses of insulin given subcutaneously. Pitressin has a slight anta- 
gonistic action only, and pitocin has no such action. The fall of blood sugar 
after large subcutaneous doses of insulin is not inhibited by pituitrin. 

3. Insulin when injected intravenously is not antagonized by pituitrin. 

4r. The inhibition of the hypoglycaemia after the subcutaneous injection of 
insulin is much stronger after pituitrin than after pitressin and pitocin when 
injected together in corresponding doses. 
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THE INFLUENCE OF THE SYMPATHETIC NERVOUS 
SYSTEM ON CAPILLARY PERMEABILITY 
IN TRAUMATIC SHOCK 

By D. ENGEL, Irom the DepaHmeni of Physiology, University of Shield 

I 

{Peceived 30 UecembeT 1942) 

The Mo-wing two facts have been established in pievions papers: (1) If a 
limb is deprived of its sympathetic nerve snpply the permeability of the 
capillaries is reduced [Engel, 1941]. (2) The rate of fdtration thio-ngh the 
capillaries in tissue adjacent to that subjected -to trauma, and probably also 
in the traumatized area itself, is increased during the first 1-5 hr. after * 
crushing, and decreased afterwards — a fact -which, under certain conditions, ^ 
indicates increased, and later decreased, capillary permeability [Engel & 
Forrai, 1943], 

From these two observations the question arises whether it is possible to 
reduce the increased capillary permeability in a crushed limb by depri-ving it 
of its sympathetic nerve supplyl This question is, apart from theoretical, of 
eminent practical interest. It is clear that, if the increased permeability in 
the crushed area is one of the most important initiating factors in producing 
shock, as is generally assumed, then it should be possible to reduce the liability 
to and danger of shock by blocking the sympathetic nerve supply of a crushed 
area. This possibility appears the more within range of practical application 
as the period of increased rate of filtration lasts only 1-5 hr. after trauma, 
and blocking the sympathetic chain for this period is a safe and easy pro- 
cedure. The capillary permeabihty of crushed limbs, as manifested by the 
rate of filtration through the capillary waU, after sympathectomy, was the 
object of tbis study. 

EsPEBraESTAl 

Eleven fully grown cats were used in this series. The whole lumbar sympa- 
thetic chain and the first sacral ganglion of the right side were removed under 
ether anaesthesia [see operative technique in Engel, 1941], The chain thus 
removed from about 3 cm. above tbe crus diaphragmatis to below the first 
sacral gauglion measured 10-14 cm. The animals recovered from this opera- 
tion in a few hours. 3-9 days later they were used for the emerimenf 
nembutal (for vetenuary purposes) was pven intramuscularly (0 -occ/kg) 
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The right, sympatheotomized, leg was then traumatized: the soft parts of the 
calf, avoiding the knee joint, were hammered for 6 min. (100-160 blows with 
a hammer of 300 g.), and in most experiments also the tibia was fractured at 
its distal end. Breaking of the skin was avoided. In a series of three anitD.al3 
which were also similarly sympathectomized, both legs were equally crushed 
and fractured. Both these groups were afterwards s imil arly treated. 

Immediately after trauma 1 % acid fnchsin solution was injected into the 
jugular vein at a constant rate (10 c.c./26 min.) throughout the experiment 
lasting 3-6 hr., while the two knee joints were simultaneously perfused with 
Einger’s solution. The knee joint of the non-traumatized leg served as control. 
The technique of the perfusion and infusion, with their principle, were de- 
scribed elsewhere [Engel, 1941, 1940]. The perfusates of the two knee joints 
were collected separately every 20-30 min , and their dye content estimated, 
after addition of a few drops of sulphuric acid, by the colorimetric method. 

The animals used in work previously reported served as controls for the 
present experimental animals. Thirteen cats were traumatized, without pre 
vious sympathectomy [Engel & Forrai, 1943], and in fifty-five animals (dogs, 
cats and rabbits) a study was made of the effect of sympathectomy without 
trauma on the capillary permeability [Engel, 1941]. In all these experiment 
the dye concentration was expressed and charted in mm., as rend on e 
colorimeter, the same amoimt of the perfusate being in each case compare 
with a standard solution of 1/400,000 of acid fuchsia. 

Besults 

To appreciate the effect of a combination of trauma and sympathectomy 
on capillary permeability one must remember the effect of each expen 
mental procedure in the absence of the other. ^ Such a reminder is 
Figs. 1 and 2 showing, on the one hand, the increased permeability res g 
from trauma, followed after 2-6 hr. by a significant reduction below’ norm , 
and, on the other hand, a prolonged decreased permeability resulting r 
sympathectomy. The permeability of the traumatized side was -r-7 
higher than that of the control side. 

Crushing one leg after sympathectomy ' 

Out of eleven animals of this series, one cat was used for perfusion d 
four cats 3 days, four cats 6 days, one cat 6 days and one cat 9 ays a 
sympathectomy. In four animals the dye concentration in the per um e 
the traumatized side was less than or equal to the concentration m 
the normal control side, and in six animals it was equal to or ^men- 

increased in some period of the experiment; the only exception e 

tioned later. 
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mm. 



Time (hr.) ^ 

Fig. 1. Dye concentration of tto two knee perfusates ^ hr. after trauma; no sympathectomy. 
Dotted line; concentration of the left, normal, knee perfosate. Solid line: concentration of ^ 
the traumatised but not denervated. right knee perfusate. Interrupted line; blood dye 
concentration (reduced to 1/100). Arrow; trauma. Note. Increased concentration on the 
traumatized side immediately after trauma, lasting for hr. and decreasing after this 
period bdow the lerel of the left control side. 



Time (hr.) 


^vg. 2. Dye concentraHon of both knee pe^tes of a dog 3 days after right lumbo-sacral 
^pathcctomy (no treuma on ether ^e) ^tt^ lino: concentration on normal left ^ 
Solid line: concentration on denervated right side. A'oV 

denervated side is much lower. '*■ concentration on the 
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Tie average results of these experiments are compared in Table 1 with 
those of the earlier controls. In the sympathectomized animals (series a), 
crushing had little effect on the dye concentration of the knee-joint perfusate 
as compared with the normal Umb, either in the 3 hr. immediately following 
the trauma (8 % increase) or in the later period (6 % increase). In the non- 
sympathectomized controls, however ' (series 6), crushing resulted in a con- 
siderable increase in dye concentration immediately foUowdng the trauma 
(by 163 %) and later in a reduction (to 62 %). 

Table 1 . Average dye ooncentration of knee perfusates 


Series a 

During first 3 hr. 



After 3 hr. 


Normal 

Sympathectomized 
and traumatized 


Normal 

Sympathectomized 
and traumatized 


limb (B) 

limb (A) 

A/B 

limb (BJ 

limb (A) 

A/B 

89-3 

97 

1-08 

64 

67 

14)5 

Series 6 






Normal 

Non-sympathectomized 



Non-sympatheotomized 


traumatized 


Normal 

traiunatized 

A/B 

limb (B) 

limb (A) 

A/B 

limb (B) 

limb (A) 

80 

210 

2-63 

162 

86 

0-62 


These figures show that the increased dye filtration seen during the first 
3 hr. after trauma in normal animals is counteracted by the sympathectomy. 

The maximum increase in dye concentration in the total perfusate of the 
crushed side after sympathectomy was 26 % , while the minimum increase in 
the crushed non-sympathectomized control was 100%, the maximum being 
600 % . There was only one sympathectomized animal in which the dye con- 
centration of the crushed side nearly reached the level of the concentration 
of the control group ; this showed an increase of 80 % . It is noteworthy that 
in this exceptional case the interval between th^sympathectomy and perfusion 
was the longest in the series, namely, 9 days. It appears that the effect of 
sympathectomy wears off after a certain period. 

Fig. 3 illustrates the dye diffusion from the two knees of a typical case, 
3 days after sympathectomy. The dye concentration in the perfusate of the 
crushed right side was well below the level of that of the normal left side 
during the first half of the experiment. A constant feature of the present 
series was the absence of decreased excretion in the second period of the 
experiments, i.e. 2-5 hr. after the trauma, in contrast to all animals of t e 
non-sympathectomized controls as showm in Fig. 1 and also Table 1- This 
absence of decrease was apparent in relation both to the excretion of the same 
side during the first period and to that of the normal control side during! e 
second period. 

Another observation made in nearly all animals of the present scries ww 
the absence of swelling of the traumatized limb. A non-sy’nnnf.hcotomize 
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leg, after being cnisbed, Bwells very considerably, partly due to bleeding, 
partly dne to oedema [Engel & Eorrai, 1943]. Tbe average increase in weight 
of the latter was about 100-160 g. In Ijhose four sympatbectomized cases in 
which the weight of the two limbs was measured according to Blalock’s tech- 
nique [1940], the increase of the crushed limb amounted to only 30-50 g.-, but 
it was evident from the macroscopical appearance of the limbs of all other 
sympatbectomized animals that they were much thinner than those of the 
non-Hympathectomized controls. A less developed oedema w.as noticed also at 
post-mortem. 


mm. 



Tig. 3. Dye concentration of the two knee perfusates 3 days after right Inmho-sacral sympa- 
thectomy; perfusion started 40 min. after trauma. Dotted line: concentration of normal 
knee perfusate. Solid line ; concentration of traumatized, denervated knee perfusate. Arrow ; 
trauma. AWe. The excretion in the right knee is lower than that in the left knee, with the 
exception of a short period. Compare this with reversed relations of Fig. 2. 


Both legs crushed after unilateral symjpathectomy 

Tbe compaiison of results given in Table 1, of the effect of trauma on 
sympatbectomized limbs, suffers from the drawback that the comparison was 
made between different groups of animals. It was therefore considered ad- 
idsable to examine whether similar results would be obtained if one compared 
the dye excretion of two crushed limbs in tbe same animal, one side being 
sympatbectomized as before, the other keeping its normal nerve supply 
Three such experiments were performed. 

A typical curve of one of the three experiments is shown in Pig. i. In this 
animal a right sympathectomy was performed 3 days before both calves were 
hammered for 5 min. each, with similar intensity, and the two tibiae fractured 
at their distal end. The fnehsin infusion and the knee perfusion were started 
immediately after the trauma and carried on for 4 hr. As seen in Fig 4 the 
dye concentration in the perfusate from the tight sympatbectomized side’ was 
half 11 , af, of the normal a’ute. The ratio of the two total perfusates was 1 • 2-1 
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T^s reanlt differs in one respect ffom the average results given in Table 1. 
n e asis of those results, one would have expected in the later part of 
expenment a reduction in the ^ye excretion of the traumatired non- 
sym;^ ectomized leg below that of the traumatized denervated limb. It is 
possi e t at this expected reduction of dye excretion in the non-sympatbec- 
onuze b was delayed imduly, for the two curves are approaching each 
o er at the end of the experiment. In view of this discrepancy, however, 
attention should be directed primarily to the effect of sympathectomy on the 
immediate results of trauma. 


mm. ■ 



Time (hr.) 

Pig. 4. Dye concentration of the two knee perfusates 3 days after right lombo-sacral sympath- 
ectomy. The calves of both legs were tranmatired shortly before perfosion- Dotted line: 
concentration of traumatized, non-denervated left perfusate. Solid line: concentration of 
traumatized, denervated, right perfusate. Arrow: trauma. Note. The dye concentraKon 
on the sympatheotomized right aide is less than half of that of the control side. 

In the other two experiments of this series the results were similar: in one 
the dye concentration on the sympathectomized side was considerably de- 
creased, the ratio being 1 : 1-6, in the other the concentration was either 
sHghtly increased during some period of the experiment, or the two sides 
were equal; the ratio of the two total perfusates was 1-27 : 1. 

Discussion 

It has been shown that the rate of filtration through the capillaries is decreased 
in the area adjacent to trauma and probably in the area of trauma itself, by 
regional sympathectomy. This decrease in filtration rate was equally manifest, 
whether the dye filtration of the sympathectomized crushed leg was compared 
with that of the non-sympathectomized crushed leg of the same animal, or 
whether the difference in dye concentration between the crushed sympatbec- 
tomized leg and the normal leg of one animal was compared with the difference 
of concentration between the crushed but non-sympathectomized leg and 
the normal leg of another animal. 
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It seems as if one dealt TOth two superimposed processes; one, produced 
by tbe traumatic siock, acting in a positive, filtration-increasing sense; the 
other, produced by tbe sympatbectomy, acting in a negative, filtration- 
decreasing sense. Tbe quantitative relation of these two factors explains why 
tbe dye excretion was reduced in individual cases to different degrees. If, for 
instance, tbe trauma by itself would have increased tbe excretion by 600 % 
and tbe sympatbectomy only decreased it by 400 % tbe ultimate result would 
be an increase of 200 % compared with tbe normal side. Had, in tbe same 
case, tbe increasing factor been only 200%, tbe result would be an absolute 
decrease by 200 % . 

It is noteworthy that, in spite of tbe fact that in tbe control experiments 
in which tbe sympatbectomy was performed without tranma only about 75 % 
of tbe sympathectomies bad a decreasing effect on tbe dye excretion, in tbe 
present series there was only one single experiment in which tbe dye concen- 
tration, after tbe tranma, was increased to tbe same extent as in tbe non- 
sympathectomized animals. Even those experiments in which a sUgbt increase 
in filtration was recorded on tbe traumatized side, after sympatbectomy, may 
therefore be considered as positive results, if compared quautitatively witb 
the controls. 

It was discussed in two previous papers why tbe dye excretion has been 
accepted, though witb some reservations, as indicating tbe capiUary permea- 
bibty. In those two experimental series blood flow was recorded by tbe 
thermo-electric method. This was omitted in tbe present series because the 
experimental conditions were in many respects similar to those in tbe two 
former series, and because out conclusions concerning tbe relation of filtration 
rate and permeability of tbe capUlaries to blood flow seemed to be appbcable 
also to tbe present experiments. 

It was shown in our former control experiments that tbe period of increased 
dye filtration lasts only 2-5 hr. after trauma, to be followed by a period of 
decreased dye filtration. This second period never developed after crushing 
aympatbectomized limbs. Tbe reason given for tbe decreased dye filtration iu 
the control was that the double filtering membrane, consisting of capillary 
endotbebum and synovial membrane, changes into a more composite one by 
interposition of serum as a third layer. As the sympatbectomy, in our present 
series, reduces tbe rate of filtration of tbe capillary endothelium, the exudation 
of serum through tbe capillary wall into the intermembranons space and thus 
the formation of a third layer is also reduced. The hindrances placed in tbe 
way of dye filtration will therefore be diminished. There will consequently be 
no reduction in dye filtration in the second phase of the sympatlmctomized 
cmsbcd limb. 

The btcrature on tbe role of tbe sympathetic nervmus system on shock has 
been recently reviewed m the excellent monograph of Harkins [1941], and 
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■will therefore he treated only briefly. He came to the conclusion tliat ‘the 
presence of adrenal medullary overaction with (secondary) overaction of the 
sympathetic netvous system and peripheral vasoconstriction definitely is a 
factor in shock. It certainly begins early in the course of shock, but Tvhether 
it is an initiating, accompanying or perpetuating factor, is difiScult to deter- 
mine.’ Neither is it decided, says Harkins, whether the overactivity of the 
adrenal system is a protective measure of the organism and therefore de- 
sirable, or whether attempt should be made to counteract it. 

A study on the inflilence of the sympathetic nervous system on capillary 
permeability in the literature [Cannon, 1923; Freedman & Kabat, 1940; 
Freeman, 1933; Freeman, Shaw & Snyder, 1936; Freeman, Freedman it 
Miller, 1941 ; Hamlin & Gregerson, 1939] shows that all conclusions are based 
on secondary manifestations of shock, such as increased haemoglobmenua, 
and decreased blood volume. It is true that these signs may indicate an 
increased capillary permeability, but it is kno'wn that they do not necessarily 
do so, and therefore carmot be accepted as conclusive proofs. 

The direct e'vidence that the sympathetic nervous system has an influence 
on filtration through the capillary wall, and probably capillary permeabihty 
in shock, was lacking. The present experiments were meant to fill this gap. 

The interesting experiments of Lina Stem ■will be discussed elsewhere. 


StrUMAEY 

It has been sho^wn by a direct method that it is possible to reduce or prevent, 
by regional sympathectomy, the locally increased capillary permeability, as 
manifested by an increased rate of filtration, in traumatic ‘shock . 

The effect of the sympathectomy is manifest immediately, as well as severs 
days after operation. 

The sympathectomy abolishes the second phase of decreased cap ary 
filtration, characteristic of traumatic shock, which develops 2-6 hr. a er 
trauma [Engel & Forrai, 1943]. 

These findings are in harmony ■with, and are direct results of, former ex 
perimental evidence sho^wing, first, that sympathectomy reduces 
permeabihty in the normal animal, and secondly, that filtration throug 
capillaries in traumatic ‘shock’ is locally increased during the first 
after trauma, and decreased after this period. _ , ^ 

The therapeutic apphcation of these results in the form of bloc ug 
regional sympathetic chain ■with novocain during the first phase of mcrea 
capillary filtration in traumatic shock will be discussed elsewhere. 

Thanks are dne to Prof. G. A. Clark for tho hospitality and facilities offered to me m hi 
Institute. 
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■ THE BLOOD VOLUME OF NORMAL ANIMALS 
By F. C. COUBTICE 
{Received 6 March 1943) 

The importance of the determination of the circulating blood volume has 
increased in recent years as a result of a greater demand for knowledge of the 
phenomena associated with ‘shock’, produced by various agents such as 
trauma and burns. The accurate measurement of the blood volume, however, 
has always involved and still involves many difficulties. The two practicable 
methods available at present are the carbon monoxide method and the dye 
method first used by Keith, Rowntree & Geraghty [1916]. Dawson, EvaM 
& Whipple [1920] investigated a large number of dyes with a view to their 
suitability for blood-volume determination, and were the first investigators 
to recommend the blue dye, T-1824, which has since been used a great de 
for this purpose. It is this dye which has been used in the present senes 0 
experiments on animals — rabbits, dogs, goats and horses. Investigations 0 
the problem of shock have been made, but the present paper concenm mainly 
the results obtained on normal, healthy, unanaesthetized, resting animals. 

Methods 

The sample of dye used in these experiments was made by Messrs Eastman, 
Kodak Ltd., U.S.A. It was shown not to diffuse througha cellophane mem- 
brane either in plasma or normal saline [Short, 1943]. It was also shown y 
means of the ultracentrifuge that it combines vtith the plasma protem 

[Ogston, 1943]. f a 

The concentration of dye in the plasma was measured with the ai 0 
photoelectric cell, the general arrangement of the apparatus being s ar 
that described by Kennedy & MiUikan [1938]. The ceU containing the p 
had a volume of approximately 0-6 c.c. with a depth of fluid of 1 6 mm. 
estimate the concentration of dye in the plasma, a reading was ta 'en ^ ^ 
the sample of plasma free from dye and again with the plasma con 
the dye. In this way calibration curves were made using rabbit, og^ g 
and horse plasma, the dye concentrations used being 5, 10, lo, > 

30 mg./l. These curves were checked at frequent intervals with p asma 
the same species of animal. A different curve is obtained if water or sa 
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is Tised, BO m all cases calibtatiou curves were made witt dye m osalated 
plasma. 

In tlie determination of tbe plasma volume, the amount of dye introduced 
was that calculated to give a concentration of approximately 15 mg./l. in the 
plasma, that is, about 0-8 mg. of dye per kilogram body weight was used. The 
dye was used in the following strengths; 0-1% for rabbits, 0'2% for dogs and 
goats and 2-0% for horses. Blood samples were withdrawn from and dye 
introduced into the ear veins in rabbits and the jugular veins in dogs, goats 
and horses. The blood samples were withdrawn from one side of the animal, 
while the dye was injected into the opposite side. All animals were healthy, 
at rest and unanaesthetized. 

To estimate the blood volume, a sample of blood (about 1’6 c.c. in the rabbit, / 
and 5-10 c.c. in the larger animals) was withdrawn into a dry tube containing 
potassium oxalate. The dye was then injected into a Vein on the opposite 
side, and 6 min. after the injection of the dye a second sample of blood was 
withdrawn. The concentration of the dye in the plasma was determined with 
the photoelectric cell and the plasma volume thus calculated. The cell volume 
was then determined by means of the haematocrit, and the total blood volume 
calculated. Ten capillary tubes were spun for 45 min. at 3000 r.p.m., and the 
mean reading taken as the haematocrit value. Duplicate groups of ten were 
often done. The calculation for the total blood volume and cell volume assumes 
that the relation of cells to plasma is constant throughout the blood stream, 
and that the haematocrit gives a true value for this ceU-to-plasma ratio. 
Gregersen & Schiro [1938] have shown that about 4% of the dye is trapped 
between the corpuscles when blood is apnn in baematocrit tubes for 30 min. 
at 3000 r.p.m., and it is probable that the haematocrit value may vary in 
samples of blood taken from different parts of tbe body. Neither of the above 
assumptions is, therefore, necessarily strictly correct, hut the errors cannot 
he very large. 


Kesults 

Bate of disappearance of dye from the plasma. One of the greatest difficulties 
involved in the dye method is the choice of a time after injection of the dye 
at which to withdraw the second sample of blood. At this time mixing of the 
dye must be complete and no dye must have disappeared from the circulation. 
A time of 6 min. was chosen by Kennedy & Millikan and this has been adhered 
to here. The amount of dye which has disappeared from the circulation during 
this time is difficult to determine accurately, and the rate of disanneamn,^! 
varies in individual animals. 

In Table 1 the rates of disappearance of the dye in rabbits, goats and doss 
can be seen to vary in indmdual animals. The mean disappearance rates are 
plotted m Fig. 1, and the cur^•os extended back to zero. From these experi- 
ments It seems probable that complete mixing bad taken place by 6 min as 
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Table 1. Rate of disappearance of T-1824 from the Wood Btream of normal, unanaesthetized 
animals. Figures are the dye oonoentrations of the plasma in mg./L 


Group (i) 

Min , after dye injection 





^ 




6 

16 

30 

46 

00 

Rabbits 

16-7 

14-6 

13-6 

13-0 

12-3 


16-7 

16-0 

14-4 

13-6 

13-2 


13-6 

12-6 

11-6 

11-4 

11-1 


16-0 

16-0 

14-1 

12-8 

11-8 


13-8 

12-7 

12-1 

110 

10-6 


130 

12-1 

11-2 

10-6 

10-0 

Mean 

14-8 

13-6 

12-8 

12-1 

11-6 

Goats 

10-6 

9-8 

90 

8-4 

80 


9-8 

9-6 

8-7 

8-6 

8-1 


14-2 

12-7 

11-1 

10-6 

100 


16-2 

13-4 

12-0 

11-2 

10-9 


13-2 

11-8 

10-9 

10-6 

9-4 

Mean 

12-6 

11-4 

10-3 

9-8 

9-3 


Dogs 

13-6 

12-6 

11-7 

— 

10-7 


14-3 

13-3 

12-6 

— 

12-0 


16-6 

14-3 

13-3 

— 

12-4 


12-7 

12-0 

IM 

— 

IM 


14-1 

13-2 

13-0 

— 

12-6 

Mean 

14-1 

13-1 

12-3 

— 

11-7 


Group (ii)^ 

Min. after dye injection 




6 

12 

18 


23-3 

21-9 

208 


13-2 

131 

12-8 


18-3 

17-1 

16 9 


101 

98 

95 


14-0 

13-3 

12-7 


10-8 

10-0 

H 

Mean 

16-0 

■14-2 

13-6 


12-6 

11-6 

10-8 


13-6 

12-7 

11-8 


11-7 

10 6 

9-4 


12-7 

11-5 

11-2 


18-0 

17-6 

16 8 


11-7 

11-2 

ll'O 


17-0 

16-6 

14-5 


I6-5 

14-3 

13 3 

Mean 

14-1 

13-1 

12-4 


16-1 

16-0 

14’5 


18-3 

17-8 

17-7 

Mean 

17-2 

~I64^ 

16-1 


in all cases the concentration of dye was highest in the 6 min. 
trend of the curves for goats and rabbits is very much the same, w 
dogs the fall in the curve is much slower in the second half-hour, n or 
ascertain how much dye difiPuses from the circulation in the first 
graphs in Fig. 1 were extended backwards to zero. By this means 
obtained at 6 min. is only 94% of the theoretical concentrahon a 
rabbits and dogs and 93% in goats. This is a mean figure only. 

variations can be seen in Table 1. , Imlation of 

Amount of dye re-entering the blood stream via the lymph. Ifie c 
the amount of dye disappearing from the blood stream m the 
be true only if no dye is re-entering the blood via the lymp a ^ 
time that the disappearance curve is being determined; it is reas 
that none enters in the first 6 min. Ferrebee, Leig ' , cervical 

measured the amount of dye in the plasma, thoracic uc 
duct lymph after injection of T-1824 the 

dye appeared in the thoracic duct and from the 

hour, and that in one dog 7-6% of the injected dye 

thoracic duct in 2 hr. Aonearing in 

In the present series of experiments the amount o y^^ PP^ 

thoracic duct lymph has been determmed m six „ 

dogs were anaesthetized with nembutal mtrapentoneally and g 
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sodium barbitone intravenoTisly. The tb.oiacic duct "was catmulated, and tbe 
lympb collected in 6 min. eamples for 12 min. before dye injection and for 
1 hr. after dye injection. Blood samples urere collected from a cannnlated 
carotid artery. Tbe dye in tbe plasma “was estimated as already described. 
The variations in tbe opalescence of tbe thoracic dnct lympb made it im- 
possible to measure accurately tbe dye concentration in tbe lympb samples 



Fig. 1. Mean rotes of disappcorance of T-1624 frota the plasma of normal, 
onanaesthetized dogs, rabbits and goats. 


directly. In these samples, therefore, tbe dye mas always extracted with butrl 
alcohol by tbe method described by Harington, Pocbin & Squire [1940]. In 
this way the dye concentration in tbe lympb could be accurately determined. 

The mean results for tbe six dogs and four goats are shown in Fig while 
the individual results are given in Tables 2 and 3. These results show that 
hye always appears m the thoracic duct lympb about 15 min after injection 
and gradually increases during the hour. In the dog the mean concentration 

19—2 
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^ at the end of 1 hr. w, 

Dlasmlfpv plasma, that is, about 32% of tl 
Ivmnb f ^ concentration of dye in the thoracic due 

i^lL n »nd of 1 to. W.S 2-2 mg./l. comp.,ed 

fTio n ' ^ ^ asma, that is, about 19% of the plasma level. Althoug 

IpvpI ation of the dye in the thoracic duct lymph reaches a fairly hig! 

’ ® ac ua amount of dye which appears in this lymph is very small 

un g in 1 hr. to approximately 0*6% of the amount injected (Table 3) 



Even though the concentration and total amount of dye in the thoracic duct 
lymph in the dog is slightly greater on the average than in the goat, the rate 
of disappearance of dye from the plasma is much less in the dog. The rate of 
fall of the plasma concentration in the anaesthetized dog is less than in the 
unanaesthetized, whereas in the goat and rabbit it is about the same whether 
unanaesthetized or anaesthetized. The reason for these differences is difficult 
to explain. According to Gibson & Evans [1937J the dye is removed from the 
blood stream principally by phagocytosis in the reticulo-endothelial system- 
Possibly in the goat and rabbit this system removes the dye more quickly 
than in the dog. 
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Table 3. Amount of injected dye appearing in thoracic duct lymph 




Amoont of dye 

Total dye 

in 

% 

of injected 

Doga 

Weight 

injected 

lymph in 1 

lir. 

dye in lymph 

%• 

mg. 

mg. 



m 1 hr. 

1 

16-6 

14 

0-090 



0-69 

2 

230 

20 

0118 



0-69 

3 

24-0 

20 

0-122 



0-61 

4 

23-0 

20 

0-066 



0-33 

6 

13-6 

10 

0-048 



0-48 

6 

13-0 

10 

0-086 



0-86 





Mean 


0-69 

Goats 







1 

31-0 

24 

0-160 


# 

0-67 

2 

90 

8 

0-020 



0-25 

3 

10-4 

10 

0-110 



0-69 

4 

14-6 

12 

0-011 



0-09 





Mean 


0-43 


The amounts of lymph from the cervical and right lymph ducts have been 
measured in many experiments for a different purpose and have been so small 
compared with the flow from the thoracic duct that they have been ignored 
here. In only one dog of the series in Table 2 was the cervical lymph collected, 
and in 1 hr. no dye appeared. 

It can be concluded from these experiments that the amount of dye re- 
turning to the blood stream via the lymphatics during the first hour er 
dye injection is very small and may be neglected in the anaesthetized 
The fall in the plasma disappearance curve can, therefore, be assmed ^ 
due to an outward passage of dye from the circulation, not complicated J 
considerable re-entry of dye into the circulation. Thus, by extending the curves 
backwards to zero, a reasonable indication of the loss of dye in the first 6 mm. 
after injection is obtained. . 

In the estimations of the blood volume to be given below, only one 
of blood was taken after the dye was injected, viz. at 6 min. It 
probably be more accurate to take several samples after dye injection 
determine the disappearance curve in each case. 'Ais is inadvisable w 
using small animals (rabbits) if the blood volume has to be estimate a^I 
for a week or more, and also when dealing with imanaesthetized anim 
suffering from shock, the investigation of which was proposed. There 
all experiments to be described, it has been assumed that 
has taken place in 6 min. after injection of the dye, and that in t s ■ 
6% of the dye injected has disappeared from the circulation. 

Diffusion of the dye into the corpusdes. That the dye does not use 
the corpuscles is shown by the following experiment: 2 c.c. of 2 0 ^ ^ ^ 
248 c.c. of blood were mixed in a 250 c.c. flask. The concentration o 
in the plasma was estimated at varying intervals after mixing, t e 
shaken frequently in the meantime. The corpuscular and total b oo ' ° 

I calculated from the haematociit reading. The results are shown m 


were i 
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Table i 


Actual volume 

Estimated volume 10 min. after miri ng 
,, • 45 » 

„ 180 


Corpuscles Elasma Total 

c.c. c.c. o.c, 

68 182 250 

67 176 243 

67 178 245 

67 176 243 


The estimation of the dye concentration in tte plasma was made by the 
direct metbod, i.e. by estimating the dye in the plasma nithont extraction. 
In some instances this method vras compared tvith the concentration 
estimated by extraction of the dye vrith butyl alcohol [Harington et al. 1949]. • 
The difficulty of the latter method in small animals is the large amount of 
blood necessary. In the estimations on the rabbit all quantities were one-fifth 
those described. The results of the two methods in a small series of rabbits, 
goats and horses are shown in Table 5. In the rabbit and goat the plasma is 



Table 5 

Direct method 

Extraction method 

A 


( 

Plasma 

Corpuscle 

Total 

Plasma 

Corpuscle 

Total 


voL 

voL 

voL 

vol. 

voL 

-vol. 


c.o. 

c.c. 

c.c. 

c.c. 

c.c. 

c.c. 

(a) Rabbits 

108 

53 

161 

lOS 

53 

161 


196 

64 

260 

185 

63 

248 


91 

53 

144 

100 

58 

15S 


Mean 132 

57 

189 

131 

58 

189 

(b] Goats 

2180 

580 

2760 

2180 

6S0 

2760 


3160 

1370 

4520 

3070 

1330 

4400 


Mean 2665 

976 

3640 

2025 

950 

3580 


1. 

1. 

L 

L 

1 . 

1. 

(c) Horses 

28-60 

12-40 

41-00 

28-40 

12-40 

40-80 


24-85 

10-65 

35-50 

25-00 

10-70 

35-70 


Mean 26-73 

11-53 

38-25 

26-70 

11-55 

38-25 


fairly clear and colourl^s after being centrifuged for about 1 hr. at 3000 r.p.m. 
In the horse, however, the plasma has a definite yellowish colour. The results 
in Table 5 suggest that in normal animals the amount of yellow pigment does 
not affect the method. If, however, the plasma is deeply coloured with bde 
as in certain cases of hepatitis, the direct method is not accurate, the colour 
obtained after injection of the dye being a dirty grey instead of blue. In these 
cases the bile pigments can be removed by Harington’s extraction method 
and the dye estimated in the butyl alcohol. 

The accuracy of the blood-volume estimations is difficult to determine The 
method is accurate tn vitro, but in vivo several difficulties have aheady been 
mentioned. However, fairly constant results on the same animal can be 
obtained on different days. Table 6 shows the blood-volume determinations 
in four rabbits on five successive days and Table 7 the blood volume on two 
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successive days in fifty rabbits, eight dogs and eight goats. Daily variations 
occur, but these may be partly due to an actual change in the blood volume 
and not necessarily to an error in its determination. 


T.»ble 6 


Blood Tolnine o.c., days 


Rabbit 

no. 

/ 

1 

2 

K. 

3 

' 4 

6 

1016 

177 

187 

200 

203 

19S 

181 

* 192 

198 

1017 

164 

160 

172 

157 

1018 

196 

198 

195 

194 

1019 

192 

188 

203 

208 

Mean 

182 

183 

192 

190 

192 


Table 7 


Babbits 


Dogs 


Goats 





Blood volume in o. 


t 

Da3^ 



Days 
, / 

'T' 



'T~ 

2 

196 


194 

182 

188 

221 


216 

165 

106 

219 


223 

166 

166 

168 


166 

181 

208 

220 


202 

194 

167 

236 


198 

149 

147 

216 


236 

141 

142 

167 


181 

164 

166 

276 


274 

170 

167 

200 


230 

134 

140 

228 


217 

136 

130 

203 


212 

170 

194 

221 


219 

180 

181 

190 


197 

135 

138 

186 


187 

171 

160 

193 


194 

166 

161 

188 


194 

127 

126 

2406 


2680 

668 

714 

2426 


2640 

1166 

1183 

611 


686 

1030 

921 

3050 


2900 

2610 

2370 

1600 


1840 

1606 

1400 

2096 


2080 

1486 

1455 


Days 


1 
171 
116 
150 
139 
208 

164 
228 
183 
233 
168 

165 
150 
131 
202 
223 
124 

Mean 180 

1110 

1540 

^lean 1367 

2040 

2350 

Mean 2092 


2 

172 

117 

165 
142 
186 

166 
240 
200 
248 
167 
152 
137 
176 
192 
240 
126 
182 

1200 

1615 

1430 

2000 

2440 

2076 


The blood volume of normal rabbits, goats, dogs and horses In the ° 

other experiments, the blood volume has been estimated J 

normal, unanaesthetized animals; 60 rabbits, 30 goa , - ^ the blood 

4 (highly trained, .nd 2 hor.es. ^e reM.en ^ 

volume nnd body meight in the groups of r.bb.ts, go.te 
in Figs. 3-5. The weights of individual animals m these ^ P 
Sierably, but in aU groups the blood volume varied dmeetly as 

weight. 
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In Table 8 ate tb.e meaiL values for plasma volume, corpuscle volume and 
total blood volume per kilogram body ■weight and the haemoglobin percentage 



Fig. 3. The lelation betivreeu hlood ■volttme aad 'body -weight in 60 rabbits. 



Fig. 4. The relation between blood rolnme 








(naldnne) of each of the groups of animals investigated. The blood volume 
I». kiioB,™ l»,\y weight » t.My co.rt.nt in .1) group, .nininb eicept 
m tte C..U „t the gtoyhound,. The peyhoun* were highly trained and eoL 
tided mamly ot hone, Mood end muscle. The blood volume seems theretore 




(•o'o) onmioA pooicr 
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to be greater in bigbly muscular animals. The plasma volume, however, is 
constant in aU these groups of animals. It is the cell volume which is so 
greatly increased in the greyhmmds. 



It is interesting to compare the relation between the surface ar^ an 
blood volume in the different animals. The surface area was calculate r 
f the following formulae: rabbits, jS=0-125 -^W^; dogs, goats an 


Table 8 


Eabbits (60) 

Goats (30) 

Horses (2) 

Dogs, mongrel (29) 
Greyhounds (4) 


Haemoglobin 

Plasma vol. 

Corpuscle vol. 

0/ 

/a 

o.o./kg. 

c.o./lcg. 

68 

60 

20 

68 

63 

17 


51 

21 

88 

54 

26 

133 

64 

60 

the surface 

area in square metres and 


Total vol. 
c.c./tg- 
70 
70 
72 
79 
114 


reight in kilograms. In Table 9 are shown the relations 
'olume and the surface area and the blood volume and the bo y 
hese four different species, varying greatly in size, the b oo vo ^ 
dlogram body weight is fairly constant, whereas the blood vo nme p 
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Kabbfts (60) 
Dogs (D9) 
Goils (30) 
Horses (2) 


Snrface area 
sq. m. 

0--222 

0- 625 

1 - 11 
G-T6 


Table P 

Body -wriglit 
‘kg. 

2-3S 

14-07 

324 

504-0 


Blood Tol. 
c.c. 'sq. m. 
759 
17S0 
2070 
5325 


Blood Eol. 
c.c./kg. 

70 

79 

70 


metre surface area increases as the size of the ammal mcreases and 
•snrface area decreases. THs can ako he rrell seen in the group of goats rvher 
tlie individual size of the animab varies greatly. Table 10 shows how, as t 
animal increases in size, the blood volume per square metre surface area 
increases, whereas the relation to body -weight is constant. The blood volume, 
therefore, depends upon the bulk of the animal Hssue, especially muscle, and 
not upon the rate of metabohsm which varies with the surface area. 


Tabl 


Goat 

Surface area 

IVeiglit 

no. 

sq. m. 

kg- 

643 

0-66 

15-5 

214 

0-69 

164 

213 

0-74 

lS-2 

641 

0-76 

19-0 

133 

0-77 

19-1 

239 

0-79 

20-0 

240 

O-SO 

204 

206 

0-S2 

20-9 

205 

0-S3 

214 

121 

0-S7 

22-7 

207 

0-95 

25-9 

132 

1-00 

2S-2 

203 

1-00 

2S-2 

223 

1-02 

29-0 

204 

1-03 

30-0 

2 ns 

1-12 

33-6 

224 

1-12 

33-6 

209 

1-13 

34-1 

210 

1-17 

364 

120 

1-21 

37-3 

257 

1-21 

37-7 

255 

1-22 

3S-6 

251 

1-24 

39-5 

254 

1--27 

40-S 

lOS 

1-36 

44-6 

250 

1-36 

44-6 

107 

1-42 

47-S 

0^0 

1-50 

52-3 

^2 

1-63 

59-6 

211 

1-74 

65-9 


Blood toL Blood vol. Blood vol. 
c.c. c.c./?q. m. c.c./kg. 


1050 

1591 

6S 

121S 

1760 

74 

1200 

1623 

66 

12S5 

1691 

6S 

1255 

1630 

66 

1640 

2075 

S2 

1592 

1990 

7S 

14S5 

ISIO 

71 

1505 

1S15 

70 

1592 

1S30 

70 

1720 

ISIO 

06 

1910 

1910 " 

6S 

2095 

2095 

74 

2040 

2000 

69 

2370 

2300 

79 

2443 

21 SO 

73 

2350 

2100 

70 

2443 

2165 

72 

2595 

2-220 

71 

2960 

2445 

79 

2S20 

2350 

75 

■2470 

2025 

64 

2245 

ISIO 

57 

2SS5 

2275 

71 

3055 

2245 

69 

3000 

2200 

67 

3520 

24S0 

74 

3540 

2360 

OS 

4005 

2460 

67 

4250 

2440 

65 


Blood volume in abnormal animals. The results so far give an indication of 
the blood volume of normal animals only. If the method is to be of practical 
■^alne. it must abo hold in cases of ‘shock’ where the capillaries, either in a 
local area or maybe generaUv, are damaged and are thereby rendered more 
permeable to plasma proteins. In such cases the peripheral circulation has 
®ho partially failed, so that mkdng of the dye in the plasma may not be so 
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to be greater in bigbly muscular animals. The plasma volume, however, is 
constant in aU these groups of animals. It is the ceU voliune which is so 
greatly increased in the greyhounds. 



Body Tveight (kg.) 

Fig. 6. The relation between blood volume and body weight in 30 goats. 

It is interesting to compare the relation between the surface area and 
blood volume in the different animals. The surface area was calculate ro 
\t the following formulae: rabbits, <? = 0-125 dogs, goats an 


Babbits (60) 

Qoats (30) 

Horses (2) 

Dogs, mongrel (29) 
Greyhounds (4) 


Table 8 

Haemoglobin Flasma vol. 
% o-o./kg. 

68 60 

68 63 

_ 61 

88 64 

133 64 


Corpuscle vol, 
c.o./kg. 

20 

17 

21 

25 

60 


Total vol. 
o.c /kg. 
70 
70 
72 
79 
114 


5 = 0-107 where S is the surface area in square metres and ^ 

weight in kilograms. In Table 9 are shown the relations between the 
yolume and the surface area and the blood volume and the ho y 

these four different species, varying greatly in ® °° p^'ner square 

kilogram body weight is fairly constant, whereas the blood volume pe q 
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Eabbita (60) 
Dogs (29) 
Goats (30) 
Horees (2) 


Tajbm 9 


Burfac© area Body weight Blood vol. 
sq. m. kg- c.c./sq. m. 

0-222 2-38 769 

0- 625 14-07 1780 

1- ll 32-4 2070 

6-76 604-0 6325 


Blood voL 
c.c./kg. 

70 

79 

70 

72 


metre surface area increases as tlie size of the animal increases and its relative 
'surface area decreases. This can also be rveU seen in the group of goats where 
the individual size of the animals varies greatly. Table 10 shows how, as the 
animal increases in size, the blood volume per square metre surface area 
increases, whereas the relation to body weight is constant. The blood volume, 
therefore, depends upon the bulk of the animal tissue, especially muscle, and 
not upon the rate of metabolism which varies with the surface area. 


Tabm 10 


Goat 

Surface area 

Weight 

Blood Tol. 

Blood toL 

Blood vol. 

no. 

eq. m. 

kg- 

c.o. 

o.c./sq. m. 

o.c./kg. 

643 

0-66 

15-6 

1050 

1691 

68 

214 

0-69 

16-4 

1218 

1760 

74 

213 

0-74 

18-2 

1200 

1623 

68 

641 

0-76 

19-0 

1285 

1691 

68 

133 

0-77 

19-1 

1255 

1630 

66 

239 

0-79 

20-0 

1640 

2075 

82 

240 

0-80 

20-4 

1692 

1990 

78 

208 

0-82 

20-9 

1486 

1810 

71 

205 

0-83 

21-4 

1605 

1816 

70 

121 

0-87 

22-7 

1692 

1830 

70 

207 

0-95 

26-9 

1720 

1810 

66 

132 

1-00 

28-2 

1910 

1910 

‘ 68 

203 

1-00 

28-2 

2095 

2095 

74 

223 

1-02 

29-6 

2040 

2000 

69 

204 

1-03 

30-0 

2370 

2300 

79 

208 

1-12 

33-6 

2443 

2180 

73 

224 

1-12 

33-6 

2360 

2100 

70 

209 

1-13 

34-1 

2443 

2166 

72 

210 

1-17 

36-4 

2595 

2220 

71 

120 

1-21 

37-3 

2960 

2446 

79 

2S7 

1-21 

37-7 

2820 

2350 

76 

255 

1-22 

38-6 

2470 

2026 

54 

251 

1-24 

39-6 

2246 

1810 

67 

254 

1-27 

40-8 

2885 

2276 

71 

lOS 

1-30 

44-6 

3055 

2245 

69 

256 

1-36 

44-6 

3000 

2200 

67 

107 

1-42 

47-8 

3620 

2480 

74 

212 

1-50 

62-3 

3540 

2360 

88 

252 

1-63 

69-6 

4005 

2460 

87 

211 

1-74 

65-9 

4250 

2440 

65 


Blood volume in abnormal animals. The results so Jar give an indication of 
the blood volume of normal animals only. If the method is to be of practical 
value, it must also hold in cases of ‘shock’ where the capUIaries either in a 
local area or maybe generally, are damaged and arc thereby rendered more 
permeable to plasma proteins. In such cases the peripheral circulation has 
also partmUy faded, so that mmng of the dye in the plasma may not be 


so 
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to be greater in bighly muscular animals. The plasma volume, however, is 
constant in all these groups of animals. It is the cell volume which is so 
greatly increased in the greyhounds. 



It is interesting to compare the relation between the surface ar^ a 
blood volume in the different animals. The surface area was calcula 
v the following formulae: rabbits, <5=0-126 dogs, goats an 


Tabpe 8 


Babbits (60) 

Goats (80) 

Horses (2) 

Hogs, mongrel (29) 
Greyhounds (4) 


Haemoglobin 

% 

68 

68 

88 
133 


PI pp mft vol. 
o.o./kg. 

60 

63 
61 

64 
64 


Corpusolo Tol. 
c.o./kg. 

20 

17 

21 

26 

60 


Total vol. 
o.c./kg. 
70 
70 
72 
79 
114 


<5 = 0-107 irm, where S is the surface area in square metrw ^d ^ ^ 

weight in Mograms. In Table 9 are shown the between^the b ^ 

volume and the surface area and the blood volume an e ^ , per 

these four different species, varying greatly “ ^ uJre 

kilogram body weight is fairly constant, whereas the blood volume per q 
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be measuied by tbe method described. In Table 12, figures are given for the 
blood volume of four goats before and 16 hr. after exposure to a lung irritant 
wbicb caused severe pulmonary oedema and haemocoucentration. In all cases 
tbe plasma volume has very greatly decreased, corresponding fairly closely 
with the rise in the haemoglobin percentage and the haematocrit value. In 
the first tvro cases the corpuscle volume has remained fairly constant, rvhereas 
ia the last tvro cases the corpuscle volume has increased. A rise in the corpuscle 


(1) Before 

10 hr. after 

(2) Before 

10 hr. after 

(3) Before 

19 hr. after 

(4) Before 

10 hr. after 



Table 12 




Hb 


Plasma 

Corpuscle 

Total 

O' 

/o 

Haerantoorit 

YOl. c.c. 

vol. c.c. 

vol. c.c. 

90 

310 

1035 

765 

2390 

129 

3S-6 

ns5 

745 

1930 

66 . 

20-6 

3380 

SSO 

4200 

8S 

2S-9 

2240 

910 

3150 

64 

22-9 

1930 

570 

2500 

123 

41-9 

980 

705 

1085 

62 

17-1 

2180 

450 

2030 

»0 

32-4 

1225 

CSS 

ISIO 


volume as in these last two coses has often been noted in cases of severe 
haemocoucentration due to plasma loss, especially in dogs. "Whether this is 
due to a true increase in corpuscle volume or due to an error has not been 
ascertained. The spleen may play some part in a true increase. Seasons for 
the likelihood of errors in such circumstances have already been discussed. 


Discussion 

The chief difficulties involved in this method of measuring blood volume hove 
already been discussed. The results show that by taking only one sample 
after dye iniection fairly constant and reliable figures are obtained in normal 
animals. The animal used mostly by other investigators has been the dog. 
Gibson, Keeley & Pijoan [1938] estimated the blood volume of fifty normal 
dogs, using the dye T-1824. They found a plasma volume of 4rl'2-51‘7 c.c./kg. 
and a total blood volume of 84-0-97>3 c.c./kg. These plasma volumes are 
slightly lower than those in the present series of dogs, but the cell volume is 
higher. These authors give a summary of blood-volume estimations in dogs 
hy other investigators using various methods. The results obtained varied 
from 7-6 to 11-9% of the body weight. Eecently, Bonnycastle & Cleghorn 
[1942] have estimated the blood volume of 106 normal dogs usin^ T-18‘’4 
and found a plasma volume of 31-8-64-6 c.c./kg. and a total volume of 
C^O-107-5 c.c./kg. The variations seen in the results of different authors may 
be caused by the different times at which the blood sample is taken after dye 
mjection. Welsch [1905], using the IVelcket method in one dog found a blood 
volume of 7-5% of the body weight, and he quotas earher authors, who used 
this method, as obtaining mean figures of 7-7 % of the body weight The mean 
figure of 79 c.c./kg. in dogs in the present series agrees closely with these figures 
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rapid as in the normal animal. Even though the capillaries are more per- 
meable in shock, the outward flow of plasma compared with the total plasma 
volume is not so rapid that the dye disappears from the circulation at a much 
altered rate from normal in a short time. In the case of acute pulmonary 
oedema produced by a lung irritant, the amount of fluid that passes into the 
lungs in 6 min. after dye injection is not very great. The rate of disappearance 
of dye was determined in three normal rabbits and four normal goats, and 
again next day after they had been exposed to a lung imtant which caused 
in aU cases massive pulmonary oedema. All rabbits were suffering from severe 
respiratory distress and died about 1 hr. after the experiment, while the goats 
all showed considerable haemoconcentration, signs of shock and respuatoiy 
distress. The disappearance of the dye from the blood stream in these expen 
ments is shown in Table 11. There is not much difference in the rate o 


Normal 


Table 11 


16 hr. after lung irritant 


Dye in plasma 


Dye in plasma 
mg./l. (min.) 


Groat 

no. 

Hb 

% 

Haema- 

tocrit 

/ 

6 

12 

is' 

Hb 

% 

Haema- 

tocrit 


261 

96 

31-6 

18-0 

17-6 

16-8 

129 

38-6 

24-7 

252 

66 

20-6 

11-7 

11-2 

11-0 

88 

28-9 

17-6 

264 

00 

23-6 

12-6 

11-6 

10-8 

78 

26-0 

16'6 

266 

52 

17-1 

13-5 

12-7 

11-8 

90 

32-4 

18-7 

Mean 

69 

23-2 

13-9 

13'2 

12-6 

96 

31-6 

191 


12 

23'2 

16-8 

11-5 

17-6 


18 

22’7 

164 

13’7 

16-9 


Normal 
Dye in plasma, mg./l. (min.) 


18-0 n'2 

After long irritant 
Dye in plasma, mg./L (mhi.) 


Babbit 

no. 

630 

631 

632 

/ 

6 

16-7 

13-6 

16-0 

16 

16-0 

12-6 

16-0 



30 

14-4 

11-6 

14-1 

60‘ 

13-2 

111 

11-8 

r 

6 

16- 3 
14-1 

17- 7 

16 

14-1 

13-2 

17-0 

30 

13-6 

12-7 

160 

60 

11-0 

10-3 

12-7 

Mean 

16-4 

14-2 

13-3 

120 

16-7 

14-8 

13-7 

11-3 


disappearance during a short time in the normal and shocked anima 
although plasma may be passing out of the damaged capillaries, t 
that does so in a short time should not introduce a very large eno . 
blood volume is changing rapidly as after transfusion or haemorr ag , 
errors may be involved, but no data are available in these circmn ^ 

An error of greater significance may be introduced by slower mixm 
peripheral circulatory failure or to variations in the degree o caused 

tration in different parts of the blood stream. Another error 
by haemolysis. In animals suffering from shock with severe j 

tration and peripheral circulatory collapse, it is difficult to haemolysis 

in the sample of blood taken. This is especially so in t e og. 
is more than slight, large errors will be introduced m spite « 

Only four examples of the blood volume m shock will 
that ta .pits of mlny difficultieo, a fairlj aoouiata idea of the plasma loss « 
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be measured by the method described. In Table 12, figures are given for the 
blood volume of four goats before and 16 hr. after exposure to a lung irritant 
■vrhich caused severe pulmonary oedema and haemoconcentration. In all cases 
the plasma volume has very greatly decreased, corresponding fairly closely 
irith the rise in the haemoglobin percentage and the haematocrit value. In 
the fir§t tuo cases the corpuscle volume has remained fairly constant, vrhereas 
in the last tuo cases the corpuscle volume has increased. A rise in the corpuscle 


(1) Before 

16 hr. after 

(2) Before 

16 hr. after 

(3) Before 

19 hr. after 

(4) Before 

19 hr, after 


Hb 

Tabis 12 

Plasma 

Corpnscle 

Total 

% 

Haematocrit 

vol. c.c. 

vol. c.c. 

voL c.c. 

96 

31-6 

1635 

755 

2390 

129 

38-6 

1185 

745 

1930 

66 

20-6 

3380 

880 

4260 

88 

28-9 

2'240 

910 

3150 

64 

22-9 

1930 

670 

2500 

125 

41-9 

980 

705 

1635 

62 

17-1 

2180 

450 

2030 

90 

324 

1225 

585 

1810 


volume as iu these last two cases has often been noted in cases of severe 
haemoconcentration due to plasma loss, especially in dogs. MTiether this is 
due to a true increase in corpuscle volume or due to an error has not been 
ascertained. The spleen may play some part in a true increase. Reasons for 
the likelihood of errors in such circumstances have already been discussed. 


DrsctrssioN 

The chief difdculties involved in this method of measuring blood volume have 
already been discussed. The results show that by taking only one sample 
after dye injection fairly constant and rehable figures are obtained in normal 
animals. The animal used mostly by other investigators has been the dog. 
Gibson, Keeley & Pijoan [1938] estimated the blood volume of fifty normal 
dogs, using the dye T-1824. They found a plasma volume of 4:l-2-51-7 c.c./kg. 
and a total blood volume of 84:-0-97-3 c.c./kg. These plasma volumes are 
sUghtly lower than those in the present series of dogs, but the cell volume is 
higher. These authors give a summary of blood-volume estimations in dogs 
by other investigators using various methods. The results obtained varied 
from 7-6 to 11-9% of the body weight. Recently, Bonnycastle & Cleghom 
[1942] have estimated the blood volume of 106 normal dogs using T-1824 
and found a plasma volume of 31-8-64-6 c.c./kg. and a total volume of 
60-107-5 c.c./kg. The variations seen in the results of different authors may 
be caused by the different times at which the blood sample is taken after dve 
injection. Welsch [1905], using the Welcker method in one dog, found a blood 
volume of 7-5% of the body weight, and he quotes earlier authors who used 
this method, as obtaimng mean figures of 7-7 % of the body weight ’ The mean 
figure of 79 c.c./kg. m dogs m the present series agrees closely with these figures 



304 


F. 0. COURTICE 


Boycott [1912] found by bleeding that the blood volume of the rabbit was 
only 46 c.c.fkg. This is very different from 70 c.c./kg. found in this series by 
the use of T-1824. ''i^^^y the figures for blood volume obtained by early workeis 
using the Welcker method should agree with figures obtained by the dye 
method in dogs and not rabbits is not imderstood. Ny 

Harington et al. [1940] in a small series of human subjeets suggest that the 
blood volume varies as the surface area. Their series, however, is rather small 
and the difference in size in the individuals is not great enough to come to a 
definite conclusion. In the whole series of animals reported here, the blood 
volume has been proportional to the'body weight, and not to the surface area. 
It seems reasonable to expect this. In the smaller animal with a relatively 
larger surface area and therefore a greater metabolic rate, the circulation rate 
and not the amount of blood is increased. 

In the few examples given of the estimations of blood volume in conditions 
of abnormal capillary permeability, the changes in plasma volume can be 
fairly accurately determined. By taking only one sample of blood after dye 
injection instead of a series, it is possible to determine the blood volume 
daily for a period of a fortnight or longer even in small animals, with what 
appear to be accurate results. The degree of accuracy in vivo is impossible to 
determine as it is unlikely that the blood volume of any animal remains 
exactly the same from day to day. 


SUMMABY 


The blood volume of a series of normal, healthy, unanaesthetized ra 
dogs, goats and horses has been estimated with the blue dye T-1824. ® 

•mean values for 60 rabbits, 29 dogs, 30 goats and 2 horses are respectiv y 
plasma volume, 60, 54, 63 and 61 c.c./kg. body weight and blood vo um 
70, 79, 70 and 72 c.c./kg. The blood volume of four highly trained greyhoun 
was much higher due to a higher ceU volume. , 

The blood volume in these animals, varying greatly in size, is propo w 


to the body weight and not to the surface area. . 

The amount 'of dye re-entering the blood stream via the thoracic ^ , 

1 hr. after dye injection is very small. The mean value in six dogs was 
and in four goats 0-43% of the amount of dye injected. The rate o 
appearance of dye from the blood stream during the first hour is t er^ 
not affected by a considerable, and possibly varying, re-entry of dye vi 

[ymphatica. u- ^ hnvr that 

A few examples of the blood volume in ‘shock are given, w c 

the method gives rehable results in conditions of abnormal cap ary 
meabihty. 

My acknowledgements are due to the Direotor-General, Soientiflo Research and De 
Ministry of Supply, for permia ai on to pnbliah this investigation. 
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DIFFERENTIATION IN THE ABSORPTION OF OLIVE OIL 
AND OLEIC ACID IN THE RAT 

By a. C. FRAZER,* From the Physiology Department, St Mary's 
Hospital Medical School, London, and the Pharmacology 
Department, University of Birmingham 

. . {Received 7 April 1943) 

In studies of fat absorption various triglycerides have been fed to animab, 
but the absorption of ingested fatty acids has never been systematica y 
investigated. According to the current hypothesis fat is completely hydro 
lysed before it can be absorbed, and resynthesis of neutral fat occurs ^ ^ ® 
intestinal cell with the aid of intermediate phosphorylation and the a ena 
cortical hormone [Verzd.r & McDougall, 1936]. The reconstituted tnglycen 
passes by the lacteals to the thoracic duct and so to the systemic circ 
No significant quantity of fat is thought to pass by the portal vein nor is ® 
absorption of unhydrolysed fat considered a possibility. If this 
correct, one would expect fatty acid and glycerol to behave durmg an 
absorption in a manner similar to neutral fat. The object of this paper is ^ 
show that such a correlation does not exist, and to offer a possible exp ana 

of the differences observed. 

' Methods 

Animals. Throughout the experiments described, adult male rats from our 

own stock were used. ujp 

Materials. The fats used were olive oil and redistilled oleic acid. VVne ^ 

acid was a dminis tered glycerol was given as well in amounts equi^ fatty 
the corresponding triglyceride. Except where stated elsewhere, 
materials fed to the animals were stained prior to use with Sudan i ° , 

a 0T% solution of the stain in oil. By the use of fat or fatty aci 
with Sudan IV, its p^age to the depots or the liver can be detei^e . 

Feeding. The a nim als were fed by stomach tube without anaes es . 
detailed measurement of the quantity of oHve oil admin^ere wm ^ 

This method was not found suitable for long-term experiments, n 
fatty material was fed mixed with the food and the amount cons 
checked against faecal analyses. 

* Sir Halley Stewart Eesearch Fellow. 
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Analyses. Estimatdon of fat ad m i n istered and of the amount remaining in 
the intestine at the end of the experimental period -svas made by the grari- 
metric modification of Bloor’s method previously described by Elkes, Erazer 
& Stewart [1939]. In some instances faecal analyses were used over a period 
determined by charcoal administration. 

ChylomicTographs. Investigation of the passage of fat along the various 
pathwa 5 ^ was made by simple observation in the case of lacteals and the 
chylomicrograph for changes in systemic or portal blood fat. This method for 
studying blood fat, originally described by Gage & Fish [1924], was fully 
investigated and standardized by Frazer & Stewart [1939]. Samples of blood 
for chvlomicrographs were withdrawn from the tail vein for the systemic 
blood or direct from the portal vein. 

Operation. For the simultaneous portal and systemic chylomicrographs, 
the animals were kept anaesthetized with urethane and the portal specimens 
obtained direct from the portal vein through a small abdominal incision. 

Histology. Histological examination of the intestinal cells was made in 
frozen sections prepared by standard technique. 

Resxjlts 

Amount of fatty material absorbed 

Using thirty-sis rats no significant difference was detected between the per- 
centage absorption of olive oil or of equivalent amounts of oleic acid and 
glycerol. IF all cases 8(4-90% of the fatty material reaching the intestine 
was absorbed and quantities up to 1 g. were taken up from the intestinal 
lumen during the experimental period. Similar results were obtained with 
faecal analyses in long-term experiments. Animals fed on fat or fatty acid 
over periods of several weeks showed normal growth and weight curves and 
no increase of fatty material in the faeces. 

Appearance of the intestinal cells ^ 

Seventy rats were used in these experiments and sections were examined 
from animals killed at hourly intervals. After feeding with neutral fat, a 
characteristic picture is seen. Above the bile duct there is very little evidence 
of fat absorption. In the lower part of the duodenum and upper part of the 
jejunum the intestinal cells are filled with large Sudan-staining globules of 

^ (Plate lA). Only in that part of 

e duodenum, which is just below the bile duct, does the picture closely 
resemble that obtained with oleic acid. _ 

llFen oleic acid and glycerol are fed on the other hand, the cells throuohont 
(PI granular, fatty, Sudan-staining ma'terial 

particles do not appear to unite to form the large 
b ules which are seen after feeding with neutral fat. 

PH. cn. 


20 
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Time in hr. blood 

jit^fig. 1. Simultaneous portal and systemic partide counts. Specimens the 

samples taken simnltaneously from the portal and syste o sys ™ coants after feeding 
ingestion of neutral fat or fatty add and glyc^L ^ The continuous line* 

.h. drcl™ ™ lh.m .h,« ^ " 

indicate the maximum counts after triglyceride and the 
equivalent amount of fattj^ acid. 
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Pathways of absorption 

In these experiments twenty rats were used. After feeding with neutral fat, 
sections of the viUi show large quantities of fat in the areolar tissue corium an 
in the central lacteal. The lacteals on macroscopic examination appear milky. 
Simnltaneous portal and systemic particle counts show a large increase of parti- 
cles in the systemic blood but only a small rise in the portal blood (Text-fig. 1). 

K an equivalent amount of oleic acid and glycerol is admimstered the 
areolar tissue and lacteals are relatively free from fatty material, and the 
lymphatic vessels in the root of the mesentery do not appear milky. Simul- 
taneous portal and systemic counts reveal that the portal blood has a marked 
increase of particles, whereas the systemic blood shows very little increase 
(Text-fig. 1). 

Destination of absorbed fat 

The observations in this section are based on the examination of thirty-six 
rats. K groups of rats are given 2 c.c. of Sudanized olive oil mixed with their 
ordinary food, for a period of 1 week, the fat depots are found to be deeply 
stained. No such staining is apparent if equivalent amounts of stained oleic 
acid and glycerol are fed. 

In the demonstration of hver fat, a surplus of fatty material must not be 
given as this leads to considerable accumulation of fat in the hver due to 
flooding of the fat depots. The 2 c.c. or more of fatty material, which is 
commonly used in absorption experiments in rats, is much in excess of the 
normal amounts ingested. If 1 c.c. of Sudanized ohve oil is fed to a rat and 
the animal is killed after 5 hr. there is a relatively small amount of Sudan- 
stained fatty material visible in the fiver (Plate 2 A). If an exactly similar 
quantity of Sudanized oleic acid is fed, large quantities of stained material 
are found in the fiver (Plate 2B). It should be noted that in these fiver 
sections no other fat stain is used apart from Sudan lY which is in the original 
fatty material fed to the animal. 


Discussion 

It is apparent from these observations that there are fundamental differences 
in the behaviour of neutral fat as compared with fatty acid and .glycerol both 
during and after absorption. From analyses of the residual contents of the 
intestine or of the faeces, it is unquestionable that comparable amounts of 
the fat or fatty acid ingested disappear from the lumen. It must be assumed 
that thesfi' amounts have been absorbed, and indeed it can be demonstrated 
that absorption has occurred in each case. The picture obtained, however, 
^i-ith neutral fat is quite different from that seen with fatty acid. In the 
intestinal cell neutral fat gives large globules of oil; this appearance is verv 
similar to that described by Jeker [1936] 6 hr. after ingestion of oil Fatty 
ncid gives a fine granular deposition, which stains more brownly with Sudan 

20—2 
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and which resembles more closely in appearance that described by Jeker [1936] 
as occnrring some 30 min. after ingestion of olive oil. In our experience tbis 
type of fatty acid-containing cell is found only in that part of the intestine 
which is just below the pancreatic duct after feeding with olive oil, but over 
a wide area if fatty acid itself is administered. It appears as though the fa% 
acid is in a much finer state of division than neutral fat when it is contain ^ 
within the intestinal ceU. Verzdr & McDougall [1936] have cited Je'ers 
findings as evidence for resynthesis of neutral fat from fatty acid. There is, 
however, nothing to show that such a conversion actually occurs, an t e 
two differing pictures are easily obtained by taking sections &om two eren 
parts of the intestinal tract, or by taking the sections at varying tinm inteOT 
after the administration of oUve oil. Sections of intestinal cells ta en w 
an hour or so of ingestion of neutral fat show mainly a fatty aci pic 
if they are taken 6 hr. later the cells show the characteristic appearan 

neutral fat absorption. " • n tr 1 fat 

From the study of the pathways leading from the intestine, e nen 

globules seem to pass into the lacteals giving rise to a milky appeara ^ 
the intestinal lymphatics, thence the fat-laden chyle empties y ^^7 . 

thoracic duct into the systemic blood. Within an hour of ing^mn o 
fat, there is always a striking increase of fat in the systemic oo 
acid does not pass into the lymphatic system, but into the po a ca 
It is perhaps significant that in other parts of the body ® fnnces eo 

injected tend to pass into the lymphatics while water-so ® ^ of 

direct into the blood stream. Fatty acid is certainly in ® 19301 it i® 

division, and according to some authorities [Verzhr & n y, 
absorbed as a water-soluble complex with bile acid. The fatty aci 
water-soluble absorbed substances, passes by the portal vein, 
ingestion of fatty acid, there is no great increase of fat m ® , gage 

Using labelled fat the destination of absorbed fat can be de ® 

& Fish [1924] found that stained fat fed to anunals cause .grained 

fat depots, but no investigators, so far as we are aware, na ^ 

fatty acid in foUowing out the destination of absorbed fa y ^ 

would be expected if stained neutral fat is fed, its es a lo 

the main fat depots. Heavy staining is found not o y m 

depots but also in the omental and perirenal areas. ^ other 

over a period of 10 days results m no staining of ^ ^ excessive in 

hand, feeding with stained, neutral fat, provided tbayt is n 

amount, does not cause much deposffion of stame a ^ Sudanized 

feeding of stained fatty acid results in ^ sto^ !^thSudan is not a reliable 

fatty material. It may be eugg.sted that “S ” V 

..cc.edea l. 


' hydrolysis and other methods, and we 
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the Sudan stain from the oily fraction. The temporary disappearance of Sudan 
coloration when the fat is very finely dispersed can be easily explained and 
readily demonstrated with Sudanmed oil. It does not have any significant 
bearing upon the interpretation of our experiments. 

It is not possible to correlate these findings with the lipolytic hypothesis. 
An explanation of our observations, which is also in accord with the experi- 
mental results of other workers, is afforded by the partition hypothesis [Frazer, 
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Test-6g. 2. The ^ition hypothesis of fat absorption. The diagram shows the narHH™ r r ^ 

on fatty acid by partial hydrolysis in the intestine, and it indicates the main M 
upon which the hypothesis is based. emdence 

2 cfthr.j!T T "7 «<! lydro- 

. SIS of the tnglycende molecule is not regarded as an essentinl -n r • 

0 Its absorption. The split and unspHt fractions of nenS ^t are alT^rJ 

b.v different mechanisms into the Intestinal cell, ^heTthZ Z 

'fferent histological pictures, and from which th y pa^bv Sfff ^ 

to different destinations. Fatty acid passes by the pZlrJf Z 

-tile neutral fat goes by the lymphk roufr to iCtZZl hZ Z 

tonce to the depots to be stored for future use. The dSrT r r , 

05, a determining factor in the immediate fate of absorbed fat 
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SUMMABY 

1. Neutral fat absorption gives rise to large globules in the intestinal cell, 
whereas fatty acid absorption shows a fine brown granular deposit. 

2. Neutral fat absorption is accompanied by milky lacteals; not to fatty 
acid absorption. 

3. Neutral fat absorption gives a systemic lipaemia, but little change in 
the portal blood. Fatty acid causes a marked portal lipaemia with little 
change in the systemic blood. 

4. Neutral fat can be traced to the fat depots, and provided it^is ad- 
mimstered in moderate doses, it fails to give marked deposition in the hver. 
Fatty acid, on the other hand, does not appear in the fat depots, but it gives 
rise to a marked deposition in the liver. 

6. These findings cannot be correlated with the current hypothesis of com- 
plete lipolysis prior to absorption. 

6. The partition hypothesis of fat absorption is put forward as a possible 
explanation of the observations reported. 

I should like to acknowledge with many thanks the assistance of several coUeagiies at St 
Hospital: H. C. Stewart with the chylomicrographs, E. B. Thornton with the photogrspMo 
plates, and R. R. Wilson with the histological preparations. I am also indebted to the Sir 
Stewart Trust for their dnanoial assistance. 
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EXPLANATION OF PLATES 1 AND 2 

Plate 1 

A, Section j5x)m the small intestine of the rat 6 hr. after feeding with olive oil. The fat is present 
in the intestinal cells in large Sndan-staining globules. Magnification x 300. B* Section 
firom the smaU intestine of the rat 6 hr, after feeding with fatty acid and glycerol: the 
material is in the form of fine brown granules in striking contrast to the fat in A.. Magnin 
cation x 300. 

Plate 2 

A. A section of liver firom the rat killed 4 hr. after feeding with 1 c.c. Sudanized oli^ 

A small amount of stained fatty material is found. Magnification x 300. B. A section 
liver fix)m a rat killed 4 hr. after feeding with 1 c.c. Sudanized oleic acid with an equiva en 
amount of glycerol. Marked accumulation of stained fatty material is found throng o 
the liver. Magnification x 300. 
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THE MICROPHONIC EFFECT OF TELEOST LABYRINTHS 
AND ITS BIOLOGICAL SIGNIFICANCE 

Bt T. ZOTTERIIAX, From KaroUnsJ:a Insfxiiiief, 

F ysiologisica Institution, StocMohn 

{Received 29 April 1913) 

In the preseat paper a series of experiments is described dealing nritb elec- 
trical effects led off from the labyrinth of the pike, Esox lucius, and the btirbot, 
Lefa viilgaris. The saccnlus of these fishes produces a microphonic effect, as 
originallT found by Adrian. Craik & Sturdy [1938] for the pike and the eel as 
■well as for reptiles and amphibians. The microphonic effect of the inner ear 
first ohserred by IVever A Bray [1930] in mammals seems thus not to be 
limited to species -which possess a fuily*developed cochlea. 

The Wever A Bray effect has been subjected to many studies concerning 
its origin. Several ideas have been put forward. Th-ns it has been attributed 
ui turn to the nerve fibres, to the hair cells of the organs of Corti, and to 
Eeissner's membrane or anv other polarized membrane of the cochlea. The 
fact that a very similar effect can be led off from the sacculus of these fishes 
offers special means for solving, in principle, the problem concerning the 
structures which are responsible for the phenomenon. In surviving prepara- 
tions of the pike and burbot the boundaries of the maculEir tissue can be seen 
by the naked eye so that the sacculus of these fishes, particularly of the latter, 
offers especially good facilities for exploring the site of generation of the 
microphonic effect. 

Besides this phenomenon the impulses elicited from the posterior semi- 
circular canal have been studied by leading off the action potentials from the 
nerve strand running from the posterior cupola. 

^ TeCHXIQCE AXD PEOCEDtrEE 

After decapitation, the head -was divided by a sagittal section in the midline. 
The labyrinths of both sides were now open to free inspection. That part of 
the eighth nerve -which spreads radially to the macula sacculi can easilv be 
dissected free from the surrounding tissue (Fig. 1. rs). The electrodes "were 
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placed on isolated strands of this nerve. The nerve running to the posterior 
ampulla (Fig. 1, rap) was similarly isolated and in order to avoid interference 
from the lagena the branch running to its macula (Fig. 1, rl) was severed. The 
nerves had to he handled "with the greatest care in order to avoid mechanical 
damage. Repeated failures to obtain working preparations in the beginning 
seemed to be due to mechanical damage. The electrodes' used were of the 
common Ag-AgCl type, and the electrical response was recorded by means of 
a resistance-capacity coupled amplifier and a cathode-ray oscillograph. The 
origin of the sacculus efifect was explored with the aid of a micro-electrode and 
a micro-manipulator kindly put at my disposal by Prof. R. Granit. 



Fig. 1. Tho lobyrinth of Esox lucius, after G. RotKius [1884]. ac, the acoustic nerve; rs, nerve 
branch running to the macula aaconli, ms; rap, nerve branch to the posterior ampulla, 
rl, branch to lagena. 

In order to study the impidses produced in the posterior cupola the pre- 
paration was fixed on a cork disk in a gyroscopic device of the kind described 
by Ross [1936] in his study of the frog’s labyrinth. This apparatus made it 
possible to study the effects of angular displacements in all planes. 

Results 

T/ie sacculus effect 

In the preparations used, the electrical response from the sacculus and that 
from the nerve strands running to the macida sacculi can be studied separately 
With one electrode on the nerve and the other on the sacculus the two effects 
obtained in response to a tuning-fork of 60 eye. /sec. in contact with the 
operation table can be seen combined as in Fig. 3 A. There is a sinusoi a 
oscillation which foUows the frequency of the fork. On these waves a num er 
of spikes can be seen occurring fairly regularly at the enr' t> ase 
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Fig. 2. Oiagram showing arrangement of electrodes in experiments upon the saccnlns. I, H 
and m, Ag-AgCl electrodes; 1 and n, placed upon a nerve strand running to the macnla 
tacctdi; HI, electrode placed upon the sacculus. IT and T, iniero.electrodes; IT, placed 
upon the macula; T^ placed outside the macular region. 



Fig. 3. Electrical effects from the sacculus nerves; Etox luciu^. The two upper records show the 
response to a tuning-fork of 60 eye. sec. In A one electrode was placed on the nerve and 
the other on the sacculus. In B both electrodes were placed on the nerve. The lower records 
'how the response to a Ught tap on the preparation table with corresponding electrode 
armnpMnenta. Time marker, 50 eye, sec. 
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of each wave. MTien both electrodes are placed on the nerve as in Fig. 3B, 
the sinusoidal current nearly vanishes, while the spikes remain, appearing 
regularly as single spikes or brief volleys of spikes at the frequency of tke 
stimulus. In Fig. 3 C, D the effect of a light tap on the preparation table 
' with corresponding electrode arrangements can be seen. 


The origin of the saccvlus effect 

As already stated the large sacculus of the burbot offers special facilities 
for exploring the site of the microphonic phenomenon. For this purpose e 
effect was picked up by a micro-electrode, which was shifted along the s ace 


VWWWVWVXA 
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, B 

Fig. 4. Eooords of the mforophonio effect of the eacoufus of Lota rufyam. The was 

up by a juioro-eleotrode placed A outside, B inside the maouiar region. 

of the sacculus. As the electrode approached the macular region 
increased, and when it passed the border of the macula ^ 

a very strong increase in the amphtude, which often excee e j^acular 

or more the value obtained by leading off from a point outside the mac 

region. The difference can be seen in Fig. 4. venerated 

This observation strongly suggests that the microphomc e t]ie 

in tie m.cul. itself. It thu, rai,e» the much debated 
Liophowo phenomenon is purely an incidental feature or whether ,t eert 

a definite physiological purpose. , nonius may attain 

When using strong stimuli the effect led off from the ^„tLl 

values of sevLl millivolts, which indicates that O^k 

likely reaches values of hundreds of milhvolte or more..Thus even y 
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Btunuli must set up potentials uithin the macula, -vvliich are of such a mag- 
uitade that they can hardly leave the nerve fibres within the macula unaffected. 
The records A and C of Jig. 3 show how the impulses are set up at the end of 
each rising phase in accordance with this view. It suggests that the micro- 
phonic effect, obviously originating within the macula, could be regarded as 
8 true generator potential, which is set up within the receptor cells and which 
in its turn excites the nerve fibres concerned. In their recent experimental 
analyses of the effect of electric potentials apphed to afferent nerve fibres, 
Granit & Skoglund [1943] have shown how it is possible to reproduce the 
phenomena observed in afferent fibres in response to natiiral stimuli by 
applying potentials of various gradients and strengths to the nerve fibre itself. 
The microphonic effect from the sacculus which might be called the macular 
effect could then be regarded as a generator potential similar to the retinal 
potential. Thus it seems very likely that the cochlear phenomenon serves a 
sunilar purpose. There are so far no facts which seem to be contradictory to 
this view. 

The response from the posterior ampulla 
The effect of accelerated rotation about aU axes of the labyrinth was 
observed in eight surviving preparations of the pike 'and in five prepara- 
tions of the burbot. In both species an outburst oi impulses was elicited by 
angular displacements when the ampulla was leading. Fig. 5 shows a record 



fig. 5. Action potentials led off from the nerve strand running to the right posterior ampulla 
of Etox lucivs in response to anticlockwise rotation abont a transverse axis. The records 
show the beginning and the end of the response. 

of the action potentials from the nerve of the right posterior ampulla of the 
hurbot in response to an anticlockwise rotation about a transverse axis. When 
it IS rotated in the opposite direction no immediate- effect can he seen, but 
there is a quite definite after-discharge when the movement is stopped. This 
after-discharge is generally weU pronounced in fresh preparations but dimin- 
ishes gradually as the preparation ages, and it vanishes earlier than the direct 
response to ampuUa-leading displacements. 

In most preparations there has been very little spontaneous activity. As 
seen in Fig. 5 there is no activity when the preparation is at rest. In other 
preparations, as shown in Fig. 6, where a spontaneous activity was observed 
this activity was not inhibited when the ampuUa was exposed to relative 
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movements of the endolymph in the direction of the ampnUa. In this respect 
the results obtained from the ampullar nerves of the pike and the burbot 
differ from the findings by Lowenstein & Sand.[1936, 1941] in the elasmohrancb 
labyrinth. 

1 1 


i ;:... . 

Fig. 6. Eecord fitim the nerve to the posterior ampuBa of Lola vulgaris 
in response to rotary movements. 


Summary 

1. The microphonic effect of the saccrdus has been studied in surviving 
preparations of the labyrinth of the pike and the burbot. Evidence has been 
produced which suggests that the saccular effect is generated within the 
macula, and the biological significance of the phenomenon considered as a 
generator potential discharging the nerve fibres is briefly discussed. 

2. The electric response from the nerve of the posterior ampulla is of phasic 
nature occurring in response to angular displacements in one direction only 
Eotation in the opposite direction does not produce any immediate effect in 
these fishes but only an after-discharge when the movement is stopped. 

In conclusion I wish to thank Dr Hj. Koch for his Valuable assistance in the earlier part of 
this research carried ont in 1938. 


REFERENCES 

Adrian, E. D., Oraik, K. J. W. & Sturdy, B.^. [1938]. Aoc. Soy. Soc. B, 125, 435. 
Grariit, R. & Skoglund, R. [1943], J. Neurophysiol, (in the Press). .. 
LOwenstein, 0. & Sand, A. [1936]. J. exp. Biol. 13, 416. 

Lflwenstein, 0. & Sand, A. [1941]. J. Physiol. 99, 89. 

Retziua, G. [1884]. Das Oehdrorgan der Wirbeltiere. Stockholm. 

Ross, D. A. [1936]. J. Phyfiol. 86,117. 

Wever, E. G. & Bray, C. W. [1930]. Proc. not. Acad. Sci., Wash., 16, 344. 



319 


J. Physiol. (1943) 102, 319-328 


612.392.015:616-003.84 


SOME EXPERIMENTS ON THE POSSIBLE RELATIONSHIP 
BETWEEN VITAMIN C AND CALCIFICATION 

By GEOFFREY H. BOURNE (MacKenzie MacKinnon Research Fellow of 
Ihe Royal College of Physicians of London and the Royal College of Surgeons 
of England), From the TJniversily Laboratory of Physiology, Oxford 

[Received 2 June 1943) 

Although it seemB weU established that adequate amounts of vitamin C are 
essential for the laying down of the organic matrix of bone, opinions differ 
as to whether it is also necessary for the production of bone salt. 

Salter & Aub [1931] showed that a scorbutic diet prevented deposition of 
calcium in bones but did not show that vitamin C allowed calcification to take 
place (because vitamin C was not yet available for experimental purposes). 
Boyle [1938] and Boyle, Bessey & Howe [1940] state that the process of calcifi- 
cation continues in the teeth of guinea-pigs even when they have been for some 
tune on a scorbutic diet. Wolbach &. Bessey [1942] state that it is a generally 
accepted fact that vitamin C plays no part in the process of calcification. A more 
detailed review of the literature concerning the effect of scurvy on calcium 
absorption and metabolism has already been given by Bourne [1942 c]. The only 
reference in the literature to the inhibiting effect of a scorbutic diet on the de- 
position of calcium in boneappears to be that of Salter & Aub. It was necessary 
therefore to investigate this problem further. 

Methods and besults 

Borty-seven guinea-pigs were used for this work and the problem was ap- 
proached in the following five ways : 

(1) Confirmation of the fact that a scorbutic diet inhibits calcification in 
bones and investigation of whether pure vitamin C added to a scorbutic diet 
permits calcification to take place normally. 

(2) Investigation of whether the calcification of bony trabeculae which are 
formed by regenerating bone is affected by scurvy. 

(3) Investigation of the effect of a scorbutic diet on the calcification of the 
bony trabeculae of costo-chondral junctions. 
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(4) Investigation of whether substances normally present with vitamin C 
in citrus fruits, i.e. citrate and vitamin P (citrin), have any effect on bone 
matrix formation or calcification. 

(6) Further confirmation of the fact that alkaline phosphatase activity of 
bones is reduced in scurvy. 

(1) Calcification of bones was demonstrated by Salter & Aub [1931] by the 
injection of sodium alizarin sulphonate into animals. The rationale of tbe 
technique has been explained by Cameron [1930], "When calcification is going 
on, the newly deposited bone salt is, by this method, stained pink. Tbe less 
bone salt deposited the less pink colour is produced on the hone. 

In the first experiment a dye kindly provided by Prof. J. C. Brash of 
Edinburgh was used. It was 1 ; 2 : 6 : 8-tetrahydroxyanthraquinone (Alizarin 
Bordeaux). Alizarin itself is dihydroxyanthraquinone. Twelve guinea-pigs 
were placed on a scorbutic diet (a mash of bran, wholemeal flour, and cod-liver 
oil with rat cake ad lib.] see Bourne j^l942b]), and were given daily doses of 
vitamin C by subcutaneous injection, the vitamin being injected to ensure 
that each animal got its exact dose. Each set of two animals received daily 
6, 2-6, 1-25, 0'6 and 0-25 mg. of the %dtamin. The remaining two animals 
received no injections of vitamin C. 

A quantity of the above-mentioned dye was added to the mash each day, 
but the guinea-pigs as a result refused to eat the mash. It was evident also 
that, even if they were persuaded to eat it, those guinea-pigs which ate more 
than the others would get more of the dye and would therefore have their 
bones more intensely stained than those which ate less. Therefore after another 
2 days, that is, at the end of the first week, each guinea-pig was given daily, 
with a pipette, 1 g. of dye suspended in 10 c.c. distilled water. This was con- 
tinued for a week. The animals were then killed, the femora dissected out, 
carefully cleaned of muscle and fibre and examined while fresh. 

The bones of animals receiving 2-6 and 6 mg. vitamin C stained the best, 
but the latter were no better than the former. The bones of the animals 
receiving 1-25, 0-5 and 0'26 mg. stained with equal intensity, but worse than 
those which received 2'6 and 6-0 mg. : at the same time they were better than 
the bones of the completely scorbutic animals. This experiment suggested then 
that vitamin C does play a part in the process of laying down bone salt, but 
it does not show how far the deposition of bone salt is simply dependent upon 
the availability of the necessary matrix. 

(2fl) For this experiment three guinea-pigs jvere placed on a scorbutic diet. 
In this and subsequent experiments the scorbutic diet was the same as that 
described by Bourne [19426]. After 13 days a 1 mm. hole was bored aseptically 
in each femur by a method described by Bourne [1942a]. Feeding with dye 
was begun the day after the operation, i.e. after the animals had been on a 
scorbutic diet for 2 weeks. Of these animals, one was given 2 m‘T._yitamin 
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daily by injection for the -crhole of the experiment (3 ’sveeks), another -was 
given 0-5 mg. vitamin C, and the third was given no supplement of the 
vitamin. One week after the operation the animals were killed, the femora 
dissected ont and examined while fresh. The staining of the tissue fill i ng the 
hole vas best in the animal which received 2 mg. vitamin C. There was slight 
staining in the animal which had received O-o mg. of the vitamin, and there 
vas no staining at all in the hole in the completely scorbutic animal. 

(26) One would expect lack of calcification of the repair tissue in vitamin C 
deficiency, because calcium salts are not deposited., until osteoid trabeculae 
are formed, and it has been shown by Bourne [19426] that these 
trabeculae do not form or are only formed in small amoimts in scprbutic 
animals. 

In the experiment now to be described, therefore, the animals were operated 
on (in this case a hole about 5 mm. in diameter was bored as usual in each 
femur) while they were still enjoying an ample diet, and immediately after 
the operation they were placed on a scorbutic diet. It is usually accepted that 
gninea-pigs take about 7 days to use up their body reserves of vitamin C 
[Grtoud, 1938], and therefore even in a guinea-pi^ on a completely scorbutic 
diet there was probably enough vitamin C in the body reserves during the 
first 7 days to permit the development of osteoid trabeculae, but it was 
thought that there might be insufficient amounts of the vitamin (if it does play 
a part in calcification) to permit the deposition of normal amounts of bone salt. 
Three animals were used for this experiment. All were placed on a scorbutic 
diet on the day of the operation and were given the following doses of vitamin 
C each day for the succeeding week; one animal received 8 mg. vitamin C by 
mouth, one animal received 2 mg. vitamin C by mouth, one animal received 
no vitamin C. 

At the conclusion of the experiment one femur of each animal was mace- 
rated in 0-5 % potassium hydroxide for a week to remove the soft tissues. It 
vas then washed, dehydrated, cleared and stored in oil of wintergreen (methyl 
salicylate). The second femur in each animal was fixed, decalcified, sectioned 
nud stained. 

An examination of the sections showed that some van Gieson staining - 
trabeculae were present in the holes in the femora of all three animals, but there 
n'ere obviously more in the animals receiving 8 and 2 mg. respectively of 
'^tamin C. In the macerated bones of the 8 and 2 mg. animals there was no 
difference in intensity of staining or in the amount of bony material in the hole. 
They both had more bone in the hole than the animal which had been on the 
scorbutic diet without any supplement of vitamin C, and they showed a more 
intense staining of the bone around the hole than did the scorbutic animal. 

Inn latter observation was an indication that more bone salt was in fact 

cmg laid down as a result of the vitamin C given to the animals. 
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(3) A comparison of the hole in the macerated bone with the microscopical 
sections through the hole of the other femur of the same a nim al has therefore 
suggested that all trabeculae which formed were calcified. But the com- 
parison was made by using two different femora albeit they came from the 
same animal. A method was required therefore which would permit one to see 
in microscopical sections whether a particular trabecula was calcified or not. 
It was found that pieces of the rib of a guinea-pig, bearing the costo-chondral 
junction could, after blocking in very hard celloidin, be sectioned without 
decalcification [Bloom, personal communication]. The sections could then he 
stained by von Kossa’s silver nitrate method for demonstrating bone salt. 
By this means it is possible to see whether trabeculae are calcified or not. 

As a preliminary test the costo-chondral junctions of a guinea-pig which 
had been on a scorbutic diet for 2 weeks and 3ne which had received as much 
fresh green grass as it could eat during this period were treated as described 
above. As can be seen by inspecting Plate 1, figs. 1 and 2, there are many more 
bony trabeculae formed at the costo-chondral junction of the grass-fed animal 
than in that of the scorbutic animal. It may be noted^ however, that there is 
an amorphous deposition of bone salt in the scorbutic animal in the region of 
the junction which is normally occupied by aligned cartilage cells. The c 
» are still there but they are not aligned and the bone salt appears to be deposi 
around their peripheries. 

Three guinea-pigs were now placed on a scorbutic diet. Two were given 
supplements of 2 and 8 mg. respectively of vitamin C by mouth; the thu 

animal received no supplement. At tl\e end of 2 weeks costo-chondral junctions 
from aU three a nim als were treated as above. On ezamination of the sections i 
could be seen that the zone of calcified trabeculae at the junction of bone an 
cartilage was widest in the animal receiving 8 mg. of vitamin C and sma es 
in the scorbutic a nim al: the calcified zone in the 2 mg. animal was interm a 
between the scorbutic and the 8 mg. animals (see Plate 1, figs. 3-5). cm 
sections from these ribs were also treated with cobalt chloride and anunonii® 
sulphide after the method of Gomori [1941] for demonstrating freshly 
calcium phosphate. It was observed by this method that normal bone sa t ^ 
not stain but that the freshly deposited bone salt at the junction of ca S 
and bone did stain. The bone salt itself gradually darkened after the ^ 
had been stained and mormted, but when they were first exanmed it co 
be seen that the area of freshly deposited bone salt was greatest in the anun 
receiving 8 mg. vitamin C and least in the scorbutic animal. 

These results appear to suggest that vitamin C is associated with the pro 
of calcification. Yet we should note that even in the scorbutic anima s 
trabeculae as are formed at the costo-chondral junctions appear to e ^ 
heavily calcified as those present in the animals receiving adequate vitamm 
although they are much fewer in number. 
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between the intensity of staining of the femora of the different animals. These 
results suggest that neither citrin (vitamin P) nor sodium citrate (substances 
of widely differing chemical nature) has any effect in the formation of the 
fibrous matrix of bone (no difference in the amount of osteoid formed) or m 
the deposition of calcium salts. 

These conclusions have been subsequently confirmed by a sunilar expen 
ment in which undecalcified sections of the costo-chondral junctions of six 
guinea-pigs were stained with von Kossa’s silver nitrate method for demon 
strating bone salt. Histological examination of holes bored in skulls of t e 
same animals which had been healing for 1 week were also made. No er 
ence in the calcification of the costo-chondral junctions or in the amount o 
bony trabeculae formed in the holes of the skull could be detected between 
those animals receiving only vitamin C and those receiving only citrm 

sodium citrate. . ■ p n 

It is of interest that Hartzell & Stone [1942] have found that vitanun as 

no effect on woimd healing. ' ,, 

(6) If vitamin C is associated with calcification, then one would 
alkaline phosphatase activity of bones to decrease with scurvy. It as e 
shown by Bourne [1943] that in holes bored in the femora of scorbutic 
pigs little phosphatase can be demonstrated by Gomori s techmque a 
^ 1 week’s heaUng. But in holes bored in the femora of normal guinea-pi^i a o ^ 
centration of phosphatase can be seen in the developing trabeculae y ^ 

One would not expect much phosphatase to be present in the . . 
hole in a bone imtU the trabeculae begin to develop and vitanun a 
in any case, retards the formation of trabeculae, so the reduce 
phosphatase in the scorbutic holes may simply be due to their a w 

theless, in most animals the normal periosteum appears to react animal 

to Gomori’s technique than does the periosteum of the scor u y 
[Bourne, 1943]. But it appears that further information on the re 
between vitamin C deficiency and phosphatase activity is neede . 

Four guinea-pigs were placed on a scorbutic diet for we . 

' given daily supplements of 10 mg. vitamin C, each by mou • 

elusion of the experiment, pieces of nb, including the costo-c on jjjto 

were fixed in absolute alcohol subsequently embedded m ce oi gomori’s 
sections 30p, thick without decaloification. Sections were ® ^ 

phosphatase technique in which the sites of phosphatase ^ 

black. At the line of junction of bone and cartilage m the endosteum 

a thick black band which was continuous with the ^ be the 

of the trabeculae near the junction, the osteoc^s an w a pp 
„hite c.n. of th. bon. .U g.v. .n mtoM. 

that, they had a high concentration of of the periosteum 

junctions of the scorbutic animals, the mtensity of g _ 
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seemed to be reduced only slightly, but tbe broad baud of phosphatase at the 

junction ■was reduced 'to a natro'w line. 

Sections of the same bones were also incubated -with Gomori’s substrate 
mkture and sodium alizarin sulphonate (technique described by Bourne 
[1913]). By this method a red-coloured precipitate of calcium phosphate is 
laid down at the site of phosphatase activity. These preparations gave identical 
results 'with those obtained by the previous method. 

These experiments suggest that vitamin C is associa'ted in some way "with 
phospha'tase activity in the bones. It is of interest ■to note that while these 
experiments were in progress Gould & Schwachman [1942] published results 
obtained by a quantitative investigation which showed that bone phosphatase 
was reduced in scurvy. More recently, Schwachman & Gould [1942] have 
shown that there was a reduction of serum phosphatase in guinea-pigs on a 
scorbutic diet and that the phosphatase level returned to normal on the 
administration of ■vitamin C as ascorbic acid. 

Discussiok 

The results described in this paper have suggested that less bone salt is laid 
lown by normal and regenerating bone in scorbutic animals than in those in 
which pure ■vitamin C is given. But the deposi'tion of bone salt is an orderly 
and timed process in normal animals. That is ■to say, bone salt does not appear 
to be deposited (except in severe scurvy) until there is an adequate fibrous 
matrix to receive it. Urist & McLean [1941] have shown that as osteoid 
trabeculae are in the process of being formed they already have a deposit of 
bone salt. The production of the fibrous matrix of bone and the deposition of 
hone salt are therefore probably simultaneous processes. It would seem that 
as long as there is sufficient vitamin C to produce matrix then that matrix 
will be calcified. This is supported by the fact that in the costo-chondral junc- 
tions mentioned earlier, although the number of trabeculae is reduced in 
Ecurvy, those which were present still stained quite intensely ■with von Kossa’s 
bone-salt method. The apparent failure of long bones to deposit bone salt in 
Ecnrvy, therefore, may be due to the fact that no matrix has developed for its 
reception. It has been sho'wn, however [Bourne, 1943], that bone matrix 
when formed appears to contain phosphatase, and since there is now e-vidence 
that \-itamin C is associated in bone with the presence of phosphatase 
It see^ from this point of view that there may be some relation betweeii 
ritamin C and calcification. The function of vitamin C in bone formation 
appears to be to facihtate the production, not just of bone matrix, but of 
hone matrix impregnated with phosphatase. There is no evidence at the 
moment that ffitamin C can be regarded as a coenzyme of phosphatase in 
oalcificatory processes. In fact Schwachmann & Gould [1942] find that there 
IS no activation of serum phosphatase in vitro by vitamin C. 


21—2 
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The apparent reduction of phosphatase activity in scurvy is therefore prob- 
ably due to a reduction in the amount of bone matrix produced. Any matrix 
that is produced even in vitamin C deficiency will apparently have as mncb 
phosphatase as the matrix of a normal animal. Therefore it seemS that if any 
matrix is formed at all in vitamin C deficiency it will be as heavily calcified as 
the matrix formed in normal animals. It is thus impossible to separate the 
functions of vitamin C as a substance facilitating bone-matrix formation and 
as a substance facilitating calcification, since these two processes are simul- 
taneous. 

SUMMAKY 


1. It has been shown that the deposition of bone salt in normal and re- 
generating bone is retarded in scurvy, but that pure" synthetic vitamin C 
permits this process to take place. 

2. That it is actually vitamin C and not some associated impurity that is re- 
sponsible for this is suggested by the fact that the administration of vitamin P 
(citrin) and sodium citrate did not result in the formation of more osteoid 
trabeculae or the deposition of more bone salt than vitamin C alone. 

3. The amount of phosphatase present in costo-chondral junctions was 
reduced in scorbutic animals. 

4. It appears likely that one of the functions of vitamin C is to allow t e 

production of a phosphatase-impregnated bone matrix upon which bone sa 
is immediately deposited. . , 

6. Vita min C may play some part in the formation or stabilization o 
alkaline phosphatase. 

I am indebted to Messra Roche Products, Ltd., for a supply of vitamin C and oitiin for 
experiments. 
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EXPLANATION OF PLATES 1 AND 2 


AD. fignm x 20. Except -n-heie indicated all sections are taken tkron^ tke centre of 
the costcwdiondral junction and parallel irith the long axis of the rib. 


Prj.TE 1 

Fig. 1. Fndecalcified section of cost<M:hondral junction of rib of guinea-pig receiving ample diet 
of greenstuff. Stained von Kossa's method for demonstrating bone salt. Xumerous calcified 
trabeculae may be seen extending fiom the junction. 

Fig. 2. Fudecaldfied section of costo-chondral junction of rib of guinea-pig on a scorbutic diet 
for 2 rreeks. Stained von Kossa’s method. umber of trabeculae greatly reduced, but the 
trabeculae rvhich are present stain just as intensely as those in fig. 1, 

Fig. 3. Endecalcified section of costo-chondral jrmction of rib of guinea-pig on a scorbutic diet 
for 2 rceeks'(see Exp. 4). Small number of trabeculae present. 

Fig. 4. Fndecaldfied section of costo-chondral junction of rib of guinea-pig on a scorbutic diet 
■Kith a daily supplement of 2 mg. •vitamin C. A greater number of trabeculae than in fig. 3 
can be seen. 

Fie. 5. Fndecalcified section of costochondral junction of rib of guinea-pig receiving a scorbutic 
diet vrfth a supplement of 8 mg. vitamin C. The calcified area at the junction may be seen to 
be ■trider than in either figs. 3 or 4. The apparent thinness of this section compiled "with the 
tiro preceding figures is due to the fact that it tvas cut parallel rrith the nairorv axis of the 
rib, whereas the latter svere cut paralld 'Kith the broad axis. 


Fig. 6. Fndecalcified section of costo-chondral junction of guinea-pig on a scorbntie diet for 
3 weeks but receiving a daily supplement of 10 mg. vitamin C. The section was treated by 
GomorFs altalme phosphatase technique. A broad black band (A.) continuous on the right 
whh the periosteum {P.) can be seen at the junction. These deep black areas indicate the 
site of the phosphatase activity. (The periosteum had been removed on the left of the sec- 
tion.) The marrow and the trabeculae also stain deep black, indicating the presence of appre- 
ciable amounts of alkaline phosphatase. The dark staining of the cartilage matrix is of no 
siguificance, since it is also present in the control (fig. S). 

Fig. 7. Fndecalcified section of costo-chondral junction of guinea-pig receiving a scorbutic diet 
for 3 weeks. The line of phosphatase at the junction (A.) is reduced to a very thin band. The 
marrow and periosteum and trabeculae still stain intensely. The white area just above the 
junction is fibrous tissue. This is present because the rib had been fixed in a bent posiKon while 
cut. Cartilage can be seen above it and below it at the junction. 

Fig. S. Fndecalcified section of costo-chondral junction of guinea-pig’s rib. Phosphatase 
controL Passed through Gomori’s reagents for demonstrating freshly dejwsited phosphate 
but without prior incubation with phosphatase substrate. The cartilage stains black. There is 
fl thin light-staining baud of preformed, presumably fiteshly deporited, phosphate at the 
junction. The marrow stains very slightly. The endosteal lining of the bony trabeculae and 
the surfaces of the osteocytes in the trabeculae stain black. It should be" noted that tme 
bone has not stained. 


Fg. 9. b ndecalcified section of costo-chondral junction of guinea-pig receiving scorbutic diet for 
3 wks Kith .Eily supplement of 10 mg. vitamin C. Stained by modiBcation of Gomori’s 
alkalme phosphatase method, described by Bourne [1943], In this method sodium alizarin 
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sulphonate is added to the substrate mixture and the oalciam phosphate precipitated by the 
phosphatase activity is therefore red. A broad red band (A.) identical in position ■with the 
black band of fig. 6 may be seen. Nuclei of cartilage cells have stained and bone marrow b 
positive. 

Fig. 10. Undecaloified section of costo-chondral junction of guinea-pig on a scorbutic diet for 
3 Tveeks. The line of phosphatase is very reduced in size {A.) although it stains intensely. The 
marroTV still stains. The staining of the osteooytes is very obvious in this and the preceding 
figure. 

Explanation of lettering : Ca. cartilage, T. trabeculae, C Jl. cortex of rib, If. marrow, 5. deposit 
of bone salt in cartilage, A. line of phosphatase (see descriptions of figures), YJI. voluntary 
muscle, P. periosteum. 
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LIPOLYSIS AND FAT ABSORPTION 

By a. C. BRAZBE * From the Physiology Department, St Mary's Hospital 
Medical School, London, and the Pharmacology Department, 

University of Birmingham 

{Received 17 June 1943) 

iccording to the current hypothesis of fat absorption [Verz4r & McDougall, 
1936], lipolysis is an essential preliminary to absorption. The absorption of 
anhydrolysed triglyceride is regarded as an impossibility. If this were true, 
one would expect that neutral fat would give an identical picture to fatty 
acid during and after absorption. It can be shown that this is not the case 
[Frazer, 1938]. It is possible that fat is absorbed partly as a hydrolysed 
fraction and partly as unhydiolysed triglyceride and that lipolysis determines • 
the route and destination of the absorbed fatty material. The object of this 
paper is to put forward further evidence in support of this conception of 
lipolysis in relation to fat absorption. 

Methods 

Animals. Black and white adult rats from our own breeding stocks were 
used. 

Materials. The fat used was olive oil B.P., the lipase preparation was 
‘Holadm’ (Fairchild Bros.) and the sodium cetyl sulphate was obtained as 
‘Lissapol A’ (I.C.I.). 

Assessment of absorption. This was determined by analyses of the residual 
intestinal contents 6 hr. after administration of a known weight of fat. Ab- 
sorption was confirmed by frozen sections showing the presence or absence of 
fat in the intestinal cells. The pathway taken by the fatty material after 
absorption was demonstrated by systemic and portal chylomicrographs. The 
eventual destination of the fat in the body was traced by the use of Sudan- 
stained fats which could be seen in the fat depots or the liver respectively 
Human chylomicrographs were carried out under the standard conditions 
previously described [Frazer & Stewart, 1939]. 


Sir Halloy Stewart Research PcUow. 
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Results 

The effect of added lipase in the rat 

Fifty rats 17616 used in these experiments. Groups of animals were fed with 
neutral fat to which was added an excess of active lipase. To control groups 
identical quantities of fat were fed with pancreatic extract in which the 
ferments had been destroyed by heat. The control groups showed the charac- 
teristic appearances found after neutral fat feeding. The animals which had 
extra lipase showed the changes usually associated with fatty acid feeding, 
namely, a fine granular deposit in the intestinal cells, no miUdness of the 
lacteals, a portal instead of a systemic lipaemia and deposition in the hver 
rather than the fat depots. The main findings are given in Table 1. 


The effect of inhibition of lipolysis in the rat 
Schulman [1941] showed that long-chain sulphates such as soditun cetyl 
sulphate inhibit the hydrolysis of ethyl butyrate by lipase. On testing the 
eflfect of this substance on the hydrolysis of triglyceride by lipase in vitro, it 
was found that 1/1000 sodium cetyl sulphate completely prevented lipolysis. 
This concentration must be slightly increased to ensure inhibition in the 
presence of bile. 

Using fifty adult rats, groups of animals were fed upon olive oil mixed with 
a solution of 1/200 sodium cetyl sulphate whUe the control animals received 
a mixture of olive oil and water. The amount of fat absorbed was identical 
in the two groups, being slightly greater in those having cetyl sulphate. The 
histological picture, the chylomicrograph and the deposition of stained fat 
were all as found after triglyceride feeding. The results are tabulated below 
(Table 1). 


Table 1. Besulta of ingestion by rats of neutral fat, fatty acid, neutral fat and lipase, and 
neutral fat and cetyl sulphate. Comparable amounts nare absorbed in all groups. Average 
rate : I g. per 24 hr. 


Intestinal colls 
Lacteals 
Systemic 
chylomicrograph 
Tat depots 
Portal 

chylomicrograph 

liver 


Neutral fat 

Large globules 
Milky 
Normal 
max. 200 
Heavy staining 
IjOW 
max. 20 
SmsU amount 
of staining 


Material ingested 


Fatty acid 
Fine granules 

NU 
Low 
max. 20 
Nil 

Normal 
max. 200 + 
Heavy staining 


Neutral fat + 
lipase 

Fine granules 
Almost clear 
lew 
max. 60 

Very little staining 
Normal 
max. 200 + 
Heavy staining 


Neutral fat + 
cetyl Bulphate 
Imge globules 
MHky 
High 
max. 250 
*V6Ty he&vy 
Low 
max. 10 

. . ir .MnnrtC 


In order to make certain that there was inhibition of lipolysis in the lumen 
of the rat’s intestine under these conditions, samples of the intestinal contents 
were taken from some groups. This material was incubated and aliquots were 
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titrated at half-Hotuly intervals. There was no appreciable increase of fa^ 
acid over a period of 6 hr. To further samples extra hpase was added bnt 
again lipolysis was found to be inhibited. 

Effect of added lipase in man 

Most of the observations made on rats cannot be checked m man. One 
striking change can, however, be demonstrated. The chylomicrograph may 
show Terences between one individual and another, bnt any one subject 



Fig. 1. Five normal htimaji cbylomicrographs following ingestion of 30 g. neutral fat 
with and without added lipase. 


ingesting a standard amount of fat gives a reasonably constant lipaemic 
curve. If 30 g. neutral fat are ingested, the peak lipaemia will usually be in 
the region of 150-200 particles per field, but if to tbe 30 g. neutral fat is added 
some potent lipase (two 3 gr. capsules of ‘Holadin’), the maximal systemic 
lipaemia is reduced by more than 75%. K the pancreatic extract is inacti- 
vated by heating before addition to the neutral fat it causes no such change 
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in the lipaemic curve. The depression of the post-absorptive lipaemia in a 
group of five human subjects by the simple addition of lipase is shown in 
Kg. 1. The average peak lipaemia in fifteen human experiments was 185 
particles per field (range 100-300) after ingestion of 30 g. neutral fat, but when 
lipase was added to the 30 g. neutral fat the average peak lipaemia was only 
46 particles per field (range 20-76). 

' Discussion 

If the breakdown of the triglyceride molecule is essential before it can be 
absorbed, the simple addition of lipase would not be expected to cause any 
profound change in the form, route or destination of absorbed fatty material. 
The first group of experiments, however, show that in the rat all these occur. 
The results fuUy confirm previous observations [Frazer, 1938] which were 
made after feeding with neutral fat or equivalent amounts of fatty acid 
respectively. While ingestion of neutral fat normally leads to a characteristic 
appearance of the intestinal cells, to milkiness of the lacteals, to a marked 
systemic hpaemia and to deposition of fat in the fat depots, the simple addi- 
tion of potent lipase to the ingested neutral fat changes aU these sequelae. 
Instead of large globules in the intestinal cells there are very fine granule, 
the lacteals remain almost clear, the systemic blood shows but a slight lipaefflU) 
and deposition in the depots is much decreased. The portal blood and hver, 
which show only slight changes after neutral fat ingestion, exhibit max e 
lipaemia and deposition respectively if lipase is added to the neutral fat. e 
results following the ingestion of neutral fat and lipase are thus similar to 
those seen after the a dminis tration of fatty acid. 

In the human subject it is only possible to check one of the essential 
vations. The normal chylomicrograph for any human subject under stan ai 
conditions is reasonably constant. It is possible to suppress almost comp e 
the post-absorptive systemic lipaemia by the simple addition of lipase to 
standard fat-containing meal. This observation correlates with the fin ^ 
in the rat and it seems probable that the reason for the suppression o 
systemic lipaemia is the diversion of the fat from the lymphatic pathway ui 
the portal blood. It cannot be attributed to interference with, or delay m, 
the absorption of the fatty material. a i, i 

The second group of experiments confirm the observations of c 
that long-chain sulphates inhibit lipolysis. The inhibitory action of so ^ 
cetyl sulphate in the rat’s intestine has been carefully checked. There sw ^ 
to be no reasonable doubt that fat is being absorbed in these 
the absence of any appreciable degree 'of lipolysis. It may be 
however, that sodium cetyl sulphate is a strongly surface active su ® 
and an excellent emulsifying agent. These experiments do seem to Jn 
that triglycerides may be absorbed without previous hydrolysis, a t on 
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is probable that the presence of a surface active componnd is important, 
Trom these experiments it appears that it is not essential to hydrolyse tri- 
glycerides for them to be absorbed. 

These observations provide farther support for the vievr that hydrolysis 
detennines the mechanism of absorption, the route and destination of the 
absorbed fatty materiaL It is suggested that the current conception that 
hydrolysis of triglvcerides is a necessary step in their absorption is incorrect, 
and that lipolysis should be regarded as a determining factor in the fate of 
absorbed fat and possibly as a means of providing essential rarv materials 
for the synthesis of lecithin and the formation of soaps. This latter possibility 
vriil be discussed in a subsequent paper. 

StHESIABT 

1. Eats fed vrith neutral fat vrith added hpase show sequelae normaUy 
associated vrith the ingestion of fatty acid, such as fine granular deposition 
in the intestinal cells, portal rather than systemic lipaemia, and deposition 
in the fiver instead of in the fat depots. 

2. In human subjects under standard conditions, the systemic post- 
absorptive lipaemia can be almost entirely prevented by the simple addition 
of lipase to the fat-containing food. 

3. The complete inhibition of lipolysis by sodium cetyl sulphate in rats 
does not prevent triglyceride absorption in amounts comparable uith, or 
lather greater than, those absorbed by the control groups m the same time. 

4. The significance of these findings is discussed and it is suggested that 
lipolysis is not an essential step in triglyceride absorption, but that firstly it 
determines the fate of absorbed fatty material and secondly it provides fatty- 
acid for soap and phospholipid formation. 

I should like to acknowledge with many thanks the assistance of Dr H. C. Stewart with the 
^.^IcnnicTogTaphs, Dr J. H. Schnlman, and later the Imperial Chemical Ihdnstries, for the 
fa^ly of Eodium cetyl sulphate. Dr R. R. Wilson for the histological preparations and llessrs 
Brimhlecombe, Cheshire, Christmas, Clarke, Ellis, Hancock, O’Connor and Vickers who acted 
« volunteers with mo in the original human experiments. Wy most sincere are doe to 

“c Sir Halley Stewart Trust for their financial assistance. 
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THE EFFECT OF ANOXIA ON THE PRESSURE OF THE 
CEREBROSPINAL FLUID AND ON THE RATE OF 
ABSORPTION OF NORMAL SALINE SOLUTION 
FROM THE SUBARACHNOID SPACE OF 
DOGS UNDER ETHER ANAESTHESIA 

By T. H. B. BEDFORD, From the Department of Pharmacology, 
Manchester University 


{Received 18 June 1943) 


The effect of anoxia on the pressure of the cerebrospinal fluid in cats anaesthe- 
tized with ether has been studied by White, Verlot, Selverstone & Beecher 
[1942], who found that prolonged uncomplicated anoxia was generally nn- 
accompanied by any sustained increase in pressure. A marked increase in bra 
volume was, however, observed in all their experiments. They consider that 
compensatory mechanism comes into play during prolonged anoxia by whi( 
the volume of the cerebrospinal fluid is reduced. No observations appear \ 
be available regarding the effect of anoxia on the rate of absorption of nomi' 
saline solution from the subarachnoid space. It is proposed to describe 
series of experiments in which an attempt was made to study the effect ( 
anoxia on the pressure of the cerebrospinal fluid and on the rate of absorptio 
of normal saline solution from the subarachnoid space of dogs under ethc 
anaesthesia. 


Experimental pbooedure 

The dogs were anaesthetized with ether a dminis tered through a tracheal tub( 
A constant degree of pulmonary ventilation was maintained by means 0 
pump. Anoxia was produced by administering a mixture of air and rntrogei 
containing from 7 to 10 % oxygen. The mixture whose oxygen content 
determined by Haldane’s [1920] method for gas analysis was stored in a 
Douglas bag and administered by connecting the bag to the inlet valve 0 
respiratory pump ; the animal was prevented from breathing atmosphenc an 
by means of a simple valve system attached to the tracheal tube. Special can 
was taken to avoid any increase in the size of the dead space. 

The pressure of the cerebrospinal fluid and the inflow of normal sa 
solution into the subarachnoid space were measured by methods which hav 
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beea described in detail in earlier communications [Bedford, 1935, 1936]. The 
rate of inflow was determined at a constant pressure of 300 mm. normal saline 
solution, except in two experiments where a study was made of the effect of 
■variations in subarachnoid pressure on the rate of inflow during anoxia. The 
mean arterial pressure was recorded ■with a mercury ijaanometer, from a 
cannula tied in the femoral artery. Animals in which the pressure did not 
exceed 100 mm. Hg were rejected and experiments were discontinued whenever 
the pressure fell below that level. The degree of oxygen sa^turation of the 
arterial blood was not determined in any of the experiments. The d^uration of 
an average experiment was 1 hr. 30 min. 


Results 

The effect of prolonged anoxia on the pressure of the 
cerebrospinal fluid 

The effect of anoxia on cerebrospinal-fluid pressure was studied in five animals. 
In two of the animals, the adhunistration of a mixture of air and nitrogen 
containing from 7 to 10 % oxygen caused a temporairy rise in the pressure of 
the cerebrospinal fluid. This increase in pressure was only moderate; it was 
accompanied by and appeared to be directly dependent on a rise in the systolic 
pressure in the femoral artery. The pressures regained their original levels after 
9 min. in one animal and after 16 min. in the other. In the remaining three 
experiments anoxia caused no increase in the systolic arterial pressure, 
although the cerebrospinal-fluid pressure presented minor variations similar 
to those encountered in control animals anaesthetized with ether and recei-ving 
an adequate supply of oxygen. In all but one experiment the final pressure of 
the cerebrospinal fluid was somewhat lower than the pressure recorded during 
the initial control period. The effect of anoxia on the systolic arterial pressure 
and indirectly on the cerebrospinal-fluid pressure appeared to be related to the 
depth of the anaesthesia. The animals which displayed a rise in pressure were 
only lightly anaesthetized with ether while the remainder were more deeply 
anaesthetized. 

The results of the five experiments are summarized in Table 1. 


Dog 

1 

o 

3 

4 

5 


Table 1. The effect of anoxia on the pressure of the cerebrospinal fluid 
in five dogs anaesthetized vrith ether 


Duration of 


anaesthesia in min. 

Oxygen % 
in mspired 
mixture 

Total 

— \ 

Anoxia 

76 

60 

10 

75 

60 

8-7 

120 

105 

9-2 

90 

70 

7-6 

110 

00 

9-0 


Cerebrospinal-fluid pressure in 
normal saline solution 



Control 


Anoxia 

A 

period 

Onset 

Maximum 

140 

115 

110 

120 

120 

135 

170 

140 

120 

110 

146 

170 

140 

120 

130 


mm. 


Final 

140 

110 

100 

95 

80 
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The effect of prolonged anoxia on the rate of absorption of normal 
saline solution from the subarachnoid space 

The effect of prolonged anoxia on the absorption of normal saline solution 
from the subarachnoid space was studied in twelve animals. The duration of 
anoHa was never less than 1 hr., the maximimi duration was 1 hr. 45 min. In 
ten experiments in which the average duration of anoxia was 1 hr. 8 min, no 



Minatcs 


Fig. 1. The effect of inhalation of a mixture of air and nitrogen containing 8*7 % oxygen on 
absorption firom the subaraohnoid apace. The animal began to inhale the mixture at the point 

indicated by the arro'w. • — • inflow of normal saline solution; mean artenal pressure. 

The arterial blood became markedly oyonotio in this experiment. 

change was observed in the rate of absorption which could be attnbuted to the 
anoxia. Minor variations in infl ow were, occasionally, observed, but they 
differed in no respect from those encountered in control experiments in which 
the animals were anaesthetized with ether and received an adequate supply of 
oxygen. In two of these experiments the onset of anoxia was accompanied by 
a sharp reduction in the rate of inflow which persisted for 9 and 12 nun. 
respectively. The onset of this reduced rate of mflow was associated with an 
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equaUy abrupt rise in tbe systolic blood pressure in tbe femoral artery wbicli 

persisld unll tbe original rate of inflow was rested when 
level. This period of reduced inflow was succeeded by one of increased ^ow 
i^hich persSted for 3 and 6 min. respectively; thereafter inflow proceeded at 
its original rate. A typical experiment is illustrated m flig. 1. 



Rg. 2. The effect of artificial variations in subarachnoid pressnre on the rate of absorption of 
normal saline solution in a dog inhaling a mixture of air and nitrogen containing 9-2 % 
oxygen. The subarachnoid pressure Tvas sot initially at a pressnre level corresponding to that 
of the cerebrospinal fluid at the beginning of the experiment when the animnT was breathing 

air. Buharaohnoid pressure; • — • absorption from subarachnoid space; mean 

arterial pressure. 

In the remaiuing two experiments the state of anoxia was associated with 
a reduction in tbe rate of inflow. In one experiment a gradual reduction 
i'ppcared after 30 min. The decline progressed and at tbe end of the experiment, 
IS min. later, inflow was proceeding at approximately half the rate which 
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obtained during the initial control period. The blood pressure remained steady 
ttooughout this experiment. In the other experiment an abrupt falling off in 
? inflow was observed after 1 hr. 16 min. Inflow then proceeded at 

a its original rate until the end of the experiment 16 min. later. The systolic 
pressure on the femoral artery showed only minor variations which bore no 
relation to the onset of reduced inflow. A- careful examination after death of 
the brains of these two animals faUed to reveal any abnormality. 

A study was made in two animals of the effect of variations in subarachnoid 
pressure on the rate of inflow of normal saline solution during anoxia. The 
rate of inflow was recorded for a period of not less than 12 min - at each new 
pressure level so as to obtain a reasonably accurate average figure. The 
findings did not differ in any respect from those obtained in experiments on 
animals receiving an adequate supply of oxygen [Mortensen & Weed, 1934; 
Bedford, 1938]. The results of one of these experiments are indicated in Fig. 2, 
A marked degree of cyanosis of the arterial blood was constantly observed 
during anoxia produced by inhalation of mixtures of nitrogen and air con 
taming from 7 to 10 % oxygen. 


Discussion 

It is evident ffom the above experiments that a rise in the pressure of tht 
cerebrospinal fluid does not accompany the anoxia produced by inhalation of 
mixtures of air and nitrogen containing from 7 to 10 % oxygen. Evidence is 
also presented that the rate of inflow of normal saline solution, at a constant 
pressure, into the subarachnoid space is generally uninfluenced by this degree 
of anoxia; a diminution of inflow was observed in only two experiments out 
of a total of twelve. Anoxia failed to produce any change in the effect of 
artificial variations in subarachnoid pressure on the rate of inflow of normal 
saline solution into the subarachnoid space. The findings of White ei al. [1942] 
that anoxia produced by the inhalation of 8-10 % oxygen fails to produce any 
sustained increase in the pressure of the cerebrospinal fluid are, in the mam, 
confirmed, although these workers occasionally observed a marked rise in the 
pressure of the cerebrospinal fluid which could not be correlated with any 
change in the systemic arterial blood pressure. They found, however, that 
anoxia invariably caused a marked degree of sweUing of the brain and they 
were compelled to postulate a reduction in the total volume of the cerebro- 
spinal fluid to account for the frequent occurrence of a low cerebrospinal-flnid 
pressure at the end of their experiments. They consider that a reduction in the 
volume of the cerebrospinal fluid may be brought about in several ways. 
(1) an increase in the rate of absorption by the normal channels secondary to 
an elevated hydrostatic pressure; (2) direct imbibition of fluid by the anoso 
brain tissue; (3) decreased production of cerebrospinal fluid. A swollen brain, 
which WTiite et al. observed in aU their experiments, would ultimately obstruct 
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the subaraclmoid cbannels. ImtiaUy this could be compensated by a rise in 
the pressure of the cerebrospinal fluid, but the rise would need to be a sus- 
tained one if the production of cerebrospinal fluid remained unchanged. For 
a siniilar reason it is improbable that imbibition of fluid by the brain could 
function as a compensatory mechanism. It is difficult, therefore, to account 
for a normal cerebrospinal-fluid pressure in association with a swollen brain 
on any basis other than a reduction in the formation of cerebrospinal fluid. 

In the experiments now under consideration the rate of inflow of normal 
saline solution at a constant pressure of 300 mm. normal saline solution was 
uninfluenced except perhaps in two experiments by prolonged anoxia. It 
should, however, be borne in mind that the rate of inflow of normal saline 
solution into the subarachnoid space is probably not a true iudex of total 
absorption; the relative rates of production and absorption need consideration. 
Nevertheless, Mortehsen & Weed [1934] have shown that production and 
absorption at the normal pressure level of the cerebrospinal fluid balance each 
other with minor fluctuations from time to time on either side. It is probable, 
therefore, that the inflow observed when the subarachnoid pressure is raised 
above this level represents absorption but not tbe total absorption of fluid 
from the subarachnoid space. It would appear that, with the possible exception 
of two experiments, anoxia was without influence on absorption. Additional 
evidence for this conclusion is provided by the observation that artificial 
variations in subarachnoid pressure were accompanied by changes in the rate 
of inflow indistiuguishable from those observed in experiments on animals 
receiving an adequate supply of oxygen. 

It is concluded that auy swelling of the brain that may be induced by anoxia 
IS moderate in degree and usually insufficient to obstruct the circulation of the 
cerebrospinal fluid. It is, therefore, unnecessary to postulate a reduction in 
the rate of formation of cerebrospinal fluid to account for tbe normal pressure 
of tbe cerebrospinal fluid encountered after prolonged anoxia. 


SUMUAKY 

1. A study has been made of tbe effect of prolonged uncomplicated anoxia 
on the pressure of tbe cerebrospinal fluid, tbe absorption of normal saline 
solutioa from tbe subarachnoid space, and tbe response of absorption to 
artificially induced variations in subarachnoid pressure. 

2. Anoxia was without influence on tbe pressure of the cerebrospinal fluid. 
Absorption also was uninfluenced except in two experiments out of a total of 
twelve where a reduction was observed. The effect of variations in subarach- 
noid pressure on absorption was studied in two experiments and was found to 
be accompanied, in each instance, by changes in tbe rate of absorption in- 

istmguisbable from those observed in experiments on animals receivinu an 
adequate supply of oxygen. ° 


22 



340 


T. H. B. BEDFORD 


3. It is concluded that any swelling of the brain that may be induced by 
anoxia is probably moderate in degree and usually insufScient to obstruct the 
circulation of the cerebrospinal fluid. 
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THE OUTPUT OF CORTICAL, HORMONE BY 
THE MAMMALIAN SUPRARENAL 

By T[AIITHE YOGI, From the PhoTmacoJogical Lahoratory, 
the CoUeye of the Pharmaceitfical Society, University of London 

{Received June 1943) 

Sttbstitution therapy in suprarenal insufficiency is based on the beneficial 
effects obserred, in Toao or in anunals, uith extracts o£ cortical tissue or uith 
synthetic compounds, and not on any knowledge of the physiolopcal activity 
of the suprarenal cortex, hlo data are available on the amount of cortical 
hormone present in the blood, and information b lacking on the rate of secre- 
tion by the suprarenal cortex and its possible variations under different 
conditions. It b the object of the present paper to supply such information. 
It tras obtained by collecting the blood from the suprarenal veins of different 
mammals and assaying its cortical activity. The experiments are restricted 
to anaesthetized animab subjected to a severe abdominal operation. 

Methods 

(1) Assay of cortical hormone 

The method used for the assay of cortical hormone b that devbed by Selye & 
Schenker [1938]. For the present purpose it has three essential merits; first, 
k is more sensitive than most other methods; secondly, it does not require 
weeks of observation of the test animab and, consequently, deterioration of 
the solutions during the period of assay need not be feared; thirdly, it b not 
specific for any particular fraction of the cortical steroids and uill, therefore 
give a better survey of suprarenal activity than a method which b particularly 
sensitive to, for example, steroids affecting mostly cell permeabilby or com- 
pounds acting mainly on carbohydrate metabolbm. Employing thb method 
Kendall [1941] found comparable potencies for corticosterone, compound E 
and the ' amorphous fraction’, and Zarrow [1942] demonstrated the efficacy of 
desoxycorticosterone acetate, provided it was adminbtered some hours before 
the exposure, thus allowing time for absorptiom 
The principle of the method had been suggested by Hartman, Brownell & 
Crosby [1931], Young suprarenalectombed rats are submitted to stress from 

22—2 
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cold environment. Selye & Sclienker expose the animab to temperatures of 
+ 2-4° C. on the day after the operation. The rats are divided into groups and 
given different amounts of cortical extract hypodermically during the first 
hours of exposure. The survival time is observed and seen to increase with the 
quantity of extract administered. 

Details of the method, as I have used it, are as follows: The groups were 
made up of nine to ten rats of as nearly as possible the same age and weight. 
As the survival time of the rats increases with weight and decreases, withm 
certain limits, with the age at which a given weight is attained, the groups had 
to be matched carefully with regard to these two factors. Litter mates were 
evenly distributed among the groups, and the mean weight of each group was 
always made equal. Although an effect of sex on sensitivity is not certain, the 
same ratio of males to females was used throughout the groups. 

It is not possible to use rats of different colonies in one assay. Vigorous 
strains are more susceptible to cortical hormone than weak ones; the latter 
require very large quantities of extract to protect them. For one colony o 
Wistar rats, ages from 23 to 30 days and weights between 38 and 60 g. prove 
workable, whereas for another strain (Wistar rats, Dr K. H. Coward s 
reared rmder strictly constant dietary conditions) suitable figures were 
days and 38—45 g. The mean survival time for rats of this last co ony was 
about double that of the first. . 

Suprarenalectomy was carried out by the lumbar route from ® 
incision through the skin. Pentobarbitone combined with ether were^ use 
anaesthetics. The rats were given a few drops of 25 % glucose solutaon 
after the operation. They took food overnight, usually gained in wei^ 
were lively and fit the next morning when the experiment was about 

For the test, the rats were distributed into individual numbered ^ges 
in the morning, given their first injection and simultaneously place m 
refrigerator. At intervals of an hour and a half further injection^ere m . 
their total number being either four or five. The doses were injec ^ 
as possible, aU the cages being removed from and replaced mto the 
simultaneously. From the 5th or 6th hour after the begmnmg o 
a rapid inspection of the rats was carried out every half-hour, ai^^ 
recorded, and these observations continued till aU or nearly a ra 

Calculation of the mean survival time was made for each group. 
however, when observations had not been continued till aU rate m ® 
died, the percentage of deaths observed at the half-hour y m ^ 
plotted against time on probability paper and the mean surviva 

^imce the rats in each group were not distributed ^ 

selected, so as to have in every group representatives o e sa ^ 

weights, and sexes, the test for ‘significance’ of the result was based 
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rtanted aevtatton rf lie d.^erencea in anivival times beteeen 

jaim of eats in any two geonp. and not on the 

,om,al times themselves. By dividing the standaid deviafon ^ ^ 

enee, by the root of the nnmber of pairs, the standard error e of 

diferenco B was obtained and the ratio B/e gave the nsnal measnre for stgm- 

ficance’, tlie probability that a result was due to cbance bemg determined by 


means of Fisber’s table [1941]. ... c i. 

Fig. 1 is a dose-response curve obtained by injecting three groups of ten 

rate with increasing doses of a cortical extract (‘eucortone’, Allen and Han- 
burys). Each rat had five injections containing 0-012 ml. eucortone m ^oup 1, 
0-03 ml. in group 2, and 0-075 ml. in gr'oup 3. In the graph, the logarithms of 


1 



Fig. 1. Dose-tesponae cnrvc. Ordinate; mean eurrival time (hours) of groups of ten rats. 
Abscissa; log dose (ml. cortical extract per rat and injection). 


these doses are plotted as abscissae against the mean survival times (13-75, 
15-67 and 17-81 hr.) of the three groups as ordinates. As shown in the figure, 
the three points lie in a straight line, and indicate that the response is pro- 
portional to the logarithm of the dose. This result is similar to that obtained 
by Bulbring [1937] on the survival times of suprarenalectomized drakes.' A 
calculation of the standard errors of the differences in survival times as outlined 
above led to the following result; the probability that the mean difference in 
survival time between groups is due to chance is 1 : 20 for groups 1 and 2, and 
1‘.50 for groups 2 and 3. In other words, the differences obtained with the 
three doses, though significant, are not sufficiently large to warrant further 
reduction of the differences between the doses. The doses had been so selected 
as to increase by the factor 2-5, and the result of the calculation of the error 
shows that smaller differences between dosM would not have been detected 
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■with certainty. This result was confirmed iu se'veral other experiments by the 
observation that the increase in survival time obtained by doubling the basal 
dose was not significant, whereas that resulting from trebling it was. In this 
respect the method compares unfavourably ■with assays on drakes [Bulbring, 
1937], in which doses differing by 60 % are distinguishable. Its advantage is 
its high sensiti'vity; the total dose required per rat is about l/26th of that 
necessary per drake. In Fig. 1, for instance, the smaUest dose used for one rat 
is 6 X 0-012 or 0-06 ml. extract; the survival time ■with this dose was 6-76 hr. 
longer than ■with saHne and the response, therefore, considerably above thres- 
hold. 

If two groups of rats of the same age and average weight are taken from ^e 
same colony and treated ■with the same dose of cortical extract or injected with 
the same volume of saline in two consecutive experiments with, as far as one 
can ■teU, identical en^vironmental conditions, the mean survival time ■ffih 
nevertheless be different. Consequently, in each assay of cortical activity the 
survival time ■without treatment must be established for a group of rats m 
jected ■with sahne only, and the susceptibility to hormone by at least one group 
given a cortical extract used as ‘ standard ’. If quantitative assay of differences 
between several unkncwn samples is desired, two groups of rats given two 
different doses of ‘standard’ are required. 


(2) Collection of suprarencd bhod 

Collection of the blood lea^ving the suprarenals was carried out by Vemey 
modification of the method de^vised by Feldberg & Minx [1934] in 
on the acetylcholine content of the suprarenal effluent. On a hepariniz 
blood is drained from the left suprarenal gland. For this purpose, the ranc ^ 
of the left lumbar vein are tied, a loose ligature is looped round its 
the vena cava, and a caimula introduced into the vessel about 1 cm. ^ 

the suprarenal gland. The cannula is connected by a short rubber tu 
one arm of a T-piece pushed through a small stab wound in the anuna 
flank. The stem of the T-piece is connected by tubing to a cannula mtro 
into the left jugular vein. The loose ligature around the caval junction 
vein is tied, and blood may now either be drained from the secon arm ^ 

T-piece into a flask, if the tubing leading to the jugular vein is cbmpe ^ 

allowed to flow back into the animal, if the second arm of t e p 

Modifications of this technique had to be applied if mammals below 

were used. For the cat, the colon was removed, aorta and cava were 

the renal vessels, the renal pedicles were ligated and a caMula was m 
into the cava, caudad to the adreno-lumbar veins, which were 
lateral edge of the gland. During the collection of suprarena 
was occluded above the suprarenals. The same operation was ca 
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tte Tabbit, but it ■was pieceded by evisceratiouj- Tbe volume of tlie blood 
samples lequiied for a test vas about 30 ml. In order to obtain tbis quantity 
from an eviscerated rabbit, blood from another rabbit bad to be mfased 
intravenously vrbile tbe suprarenal sample was being collected. 

To tbe pig and tbe goat tbe left renal vein receives most of tbe blood from 
tbe left suprarenal; accordingly, tbe left renal artery was tied, tbe renal vein 
camndated, its caval end bgated and tbe cannula connected to a T-piece, wbicb 
aUovred tbe blood to return to tbe jugtdar vein in tbe goat and to tbe sub- 
clavian vein in tbe pig. 

Etber followed by cbloralose intravenously were tbe anaesthetics used for 
all tbe animals. 

The blood draining from tbe suprarenals was collected in centrifuge tubes 
cooled in ice water. Tbe red cells were separated off and tbe plasma was assayed 
by subcutaneous injection into groups of rats as described above. most 
erperiments tbe plasma was assayed 14 hr. after collection. Later, however, 
tests were frequently carried out 40 hr. after obtaining tbe blood, as tbe results 
seemed unaffected by that delay. As soon as tbe red cells bad been centrifuged 
off, all plasma samples were placed into a refrigerator where they remained 
until use. 

(3) Effect of adrenaline on the assay of cortical hormone 

Some of tbe experiments were carried out on animals in wbicb tbe splancbnics 
were intact, and tbe blood samples were thus liable to contain adrenaline due 
to reflex stimulation of the splancbnics by tbe operative procedures. It was, 
therefore, necessary to know whether tbe presence of adrenaline in tbe plasma 
interfered with tbe assay of cortical bormone. Groups of rats were treated with 
suitable amounts of eucortone and tbe survival times compared with those ol 
other groups given tbe same quantity of eucortone to wbicb adrenaline bad 
been added up to a concentration of 1 : 50,000. Similar comparisons were made 
between rats injected with saline and rats given adrenaline solutions 1 : 50,000, 
Adrenaline did not significantly infiuence tbe survival times observed in tbe 
tats. These results are in agreement with earber observations by Hartman et al 
11931]. They render any correction for tbe adrenaline content of the plasme 
nnnecessary. 

Results * 

(1) Presence and estimation of cortical hormone in suprarenal venous blood 

Blood from tbe suprarenal veins was assayed for cortical bormone in a largi 
number of dogs, several cats, two goats, one rabbit and one pig. A considerabl 
cortical activity was invariably found, whereas power to prolong the life o 
Buptarenalectomized rats was lackmg in all control plasmas obtained from tb 
main arteries of tbe body or tbe right side of tbe heart.. Tbe only exception wa 
a slight protection afforded to tbe rats by arterial blood of tbe cat (see p. 354 
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The assay was uncomplicated in the dog and the cat as their plasma had 
hardly any toxic effect on suprarenalectomixed rats. Injections of plasma from 
the other animals, however, proved highly toxic for the rats, and the method 
of estimation had to be modified accordingly. An example of two .typical 
experiments, one on a dog and one on a goat, will he given first. 



Pig. 2, (Eip. 13, dog.) Ordinate: mean survival time (hours). Number of groi^ f 2. 

each column. The rate received per injection: group 1, 0-2 ml. supraren p jg ^ 

0-6 ml. NaCl; group 3, 0-6 mL plasma fiom heart and femoral artery; group % 

, euoortone in NaCl; group 6, 0-6 mL 10 % eucortone in heart plasma. 


Example of an assay in the dog. In the dog (Exp. 13, Ta e ) c ^ 
jxample, the sample of suprarenal blood was collected while o s 
lerves were intact, the blood pressure being over 100 mm. g ^ 

;hrough the left suprarenal about 0-2 ml. (0-1 ml. plasma 

inusuaUy small and is due to the small size of the dog 6 gO 
!0 obtained, four injections of 0-2 ml. were given to a fimt group o r , 
uean survival time was 10-7 hr. This time is repr^ented 
;he other columns are the mean survival times obtamed with 
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on the same batct of rats. Thus, a control group treated Tvith 0-9 % Naa 
solution survived for 6'6 hr. (column 2). The difference of the tvro means is 
statistically significant. Column 3 represents the effect of blood obtained from 
other parts of the vascular system. The rats of that group were given four 
injections of Off ml. of plasma prepared from blood collected from the right side 
of the heart and the femoral artery. The survival time hardly differs from that 
of the saline-treated group. No detectable Amount of hormone, therefore, is 
present in heart blood and arterial blood of this dog, although the quantity of 
plasma tested was 2^ times as large as that of the suprarenal sample. 

In group 4, the potency of a commercial suprarenal extract (‘eucortone’, 
Allen and Hanbmys) was tested by four injections of 0-05 ml., diluted 1:10 
with saline. If we compare the protection thus obtained (column 4) with that 
afforded by 0-2 ml. suprarenal plasma, we find only an insignificant difference. 
We are not justified, however, in concluding from this comparison that 0-2 ml. 
plasma contain as much active principle as 0-05 ml. eucortone, without first 
ascertaining that non-specific constituents of the blood are not interfering with 
the action of the eucortone.. This was done in the following way: a fifth group 
of rats was given the same amount of eucortone as group 4, dilution, however 
(1:10), being made with dog’s heart plasma instead of saline. Column 6 shows 
the survival time to be equal (within the errors of the method) to that of 
group 4. Direct comparison is thus permissible of the activity of the supra- 
renal plasma with that of eucortone solution in saline. 

From the results of Fig. 2 we are able to express the output of cortical 
hormone into the blood in terms of the extract ‘ eucortone’. In order to make 
the lowest possible estimate of the glandular activity, we shall assume that all 
the hormone is present in the plasma and none has entered, or been adsorbed 
to, the red cells. One ml. eucortone is the extract of 75 g. gland, but its potency 
varies according to the batch. The sample used in this experiment had only 
two-thirds of the activity of the most potent batches encountered. For our 
calculations, 1 ml. eucortone wiU, therefore, be assumed to represent the 
activity of 50 g. gland only. It follows that the potency of 1 ml. plasma corre- 
sponds to that of 12-5 g. gland. In this 5 kg. dog, the output per minute from 
one suprarenal (0-1 ml. plasma) was equivalent to the activity contained in 
1‘25 g. gland, and, per kg. body weight, to that contained in 0-25 g. glandt 

These values are obtained on the assumption that the potencies represented 
by columns 1 and 4 or 6 are identical. In fact, column 1 probably represents 
a somewhat higher value than column 4, and the figures for the yield are likely 
to be underestimates. 

It was confirmed in many experiments that dog’s plasma, taken from any 
part of the body, has negligible toxic effects on suprarenalectomized rats. We 
need, therefore, not fear the interference of substances present in the blood when 
estimating the content of cortical activity. ^Cat’s plasma was similar to dog’s 
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plasma in that respect, but it differed, in some instances, in affording a slight 
pro ec ion to the rats. The effect was statistically significant bnt very slight. 
^ example will be given later. Entirely different effects, however, were 
obtamed with plasma from the cow, the goat, the rabbit and the pig. This is 
ustrate by Pig. 3 (Exp. 23, Table 1, carried out on a yoimg goat in a similar 
way as the experiment on the dog represented in Fig. 2). 



Group 12 3 4 5 


Fig. 3. (Exp. 23, goat.) Ordinate; mean survival time (honrs). Number of group at the bottom 
of each column. The rats received per injection: group 1, O'i ml. suprarenal plasma; group i 
^ 0-4 ml. NaCl; group 3, 0-4 ml. plasma from heart and femoral artery; group 4, 0-4 mb 3-75 % 
eucortono in heart plasma; group 6, 0‘4 ml. suprarenal plasma after gplanohnotomy. 


In Fig. 3, column 1 represents the survival time obtained with a sample 
suprarenal plasma, the splanchnics being intact, the blood pressiue 68 mm. Hg 
and the suprarenal fl.ow 4-2 ml. per min. (2*1 ml. plasma). The next column 
gives the result of injecting saline instead of plasma. The survival time is the 
same. The third column illustrates the effect when a mixture of arterial an 
heart plasma is given in the same quantity (0-4 ml. per injection) as suprarena 
plasma: the survival time is much shorter than with saline. The difference 
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between the two results is statisticaUy significant. Tfie fourth column repre- 
sents the survival time resulting from treatment with 3'76 % eucortone added 
to the plasma used for group 3; the survival time is prolonged beyond that of 
group 3 and reaches the figure observed in groups 1 and 2. 

The experiment demonstrates a strong toxicity of goat s plasma for supra- 
renalectomized rats kept in the cold. In another similar experiment, even 
quantities as small as 0*2 ml. per injection reduced the survival time of rats 
considerably beneath that of saline injected controls. This toxicity is overcome 
by adding cortical extract to the plasma. In the example given in the figure, 
the quantity of eucortone added was just sufficient to raise the survival time 
to the level obtained with a first sample of suprarenal plasma, and we are thus 
enabled to state that this plasma has the same potency as a 3-75 % solution 
of eucortone. 

From a calculation similar to that applied earlier on in the dog, it follows 
that the left suprarenal of the goat which gave the results shown in Eig. 3 
produced, before splanchnotomy, a quantity of hormone corresponding to 6 g. 
gland per min., which is 0-4 g. gland per min. for each kg. of body weight. As 
the suprarenal weighed 0-65 g., the gland produced per minute 11 times the 
amount which can be obtained by its extraction. 

The activity of.a second sample of plasma, collected in the same experiment 
after section of the left splanchnic, is represented in column 5. The survival 
time is much longer than that in any other group, including the saline-treated 
control; this shows that a sufficiently high degree of cortical activity will not 
only neutralize the toxicity of goat’s blood but render the plasma highly 
beneficial for suprarenalectomized rats. 

As far as can be told from the small number of experiments carried out with 
plasmas from cows, pigs, rabbits and goats, their toxicity for suprarenalec- 
tomized rats is of the same order. We have just seen that the addition of 
3’75 % eucortone to a sample of goat’s heart plasma neutralized its toxic 
properties so that the mixture acted like saline. In another experiment, the 
same amount of cow’s plasma was made innocuous by addition of 3 % 
eucortone. Rats treated with this solution survived for 11 hr. and so did 
a control group injected with saline; a third group, however, which was given 
3 % eucortone diluted with saline instead of with plasma lived for 13-7 hr. 
(The difference between 11 and 13-7 hr. is statistically significant.) In a first 
t«t with pig’s plasma, the addition of 8 % eucortone made the plasma just 
harmless, and in another test 10 % were far in excess for the purpose of 
neutralizing’ its toxic properties; a similar result was obtained in the rabbit. 

It follows from these observations that, in assaying the cortical activity of 
plasma with rabbits, pigs, goats and cows, it is not sufficient to compare the 
potency of the sample with that of solutions of a cortical preparation in saline 
Comparison has to be made \yitb. solutions of the known extract in plasma 
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obtained from any part of the body other than the suprarenala. Rats mjected 
with that same plasma ■without the addition of cortical extract take the place 
of the saline-treated controls in other experiments. 

Table 1. Output of cortical hormone by the suprarenal gland of one side, per min. per kg. body 
■weight. The output is expressed by the amount of suprarenal tissue (‘g. gland’) whioh yieldj, 
, on extraction, the same activity 


No. of 
exp. 

10 

13 
16 
29 

14 

17 

18 
20 
34 
37 
39 
42 
46 
67 
61 
66 
26 
23 
33 
66 


Animal 

used 

Dog 


Cat* 

Goat 


Conditions 
Splanchnica intact 


Splanchnics intact, eviscerated 
Left splanchnic out 


Left splanchnic out, e'viscerated 


Splanchnics out, eviscerated 

Splanchnics intact, eviscerated 
Splanchnics intact 


‘g. gland’ 
per min, 
per kg. 

0-26 
0-3 
0-63 
0-76 
>0-46 
0-38 
c. 0-6 
0-38 
>041 
0-95 
2-0 
0-62 
c. 0-6 
0-39 
5 1-0* 
0-76* 
^041 
040 
>0-48 
2 - 0 * 


Output per min. 
in terms of 
‘content’xif 
own gland 


17 times 


e. 9 times 
4 „ 
>4-6 „ 
13 „ 

29 „ 

10 „ 
c. H 
6-7 „ 
57-6 „ 

6 „ 

11 .. 
>16 „ 
13 „ 


Left splanchnic out, eviscerated 
Rabbit* Splanchnics intact, eviscerated 

* Unlike the other figures, those for the oat and the rabbit represent the output not of one, bat 
of both suprarenala. 

The results obtained in these two experiments are no exceptions, as may 
seen from Table 1, which summarizes aU the experiments in which the acti'Vity 
of suprarenal plasma was compared ■with that of ‘eucortone’. The amount o 
hormone released from one suprarenal gland, per min. per kg. body weig > 
varies in different experiments but is of the same order in the five ma 
■tested. The yield ranges between 0-26 and 2-0 ‘g. gland’. In the last colunm^ 
the suprarenal output is compared ■with the hormone ‘ content of the amm 
o^wn suprarenal, ‘content’, however, signifying the acti^vity wHch 
extracted from the gland as distinct from its real content, which is 
In aU instances in which it was possible to make this calculation, the 
output was many times higher than the ‘content’ of the secreting gl^u • 
half of the experiments, the amount given off per minute was at least 10 
as high as the ‘ content ’ of the animal’s gland, and in one mstance it was nea 
30 times ' as high. ' ^ 

This considerable ra^te of hormone production also becomes 
comparison is made between the concentration detected in j 

from suprarenal blood, and the quantity obtainable by extraction o ® g, 
tissue. This calculation has been carried out for experiments on dogs ( a 
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Tabix 2 


No. of eip. 

1 tuL saprarenal 
plasma equivalent 
to ‘g. ^and’ 

No. of exp. 

1 mL suprarenal 
plasma equivalent 
to ‘g. gland’ 

10 

2-1 

37 

100 

13 

12-6 

39 

100 

16 

6-0 

42 

8-6 

17 

3-8 

46 

8-3 

20 

2-2 

62 

6-2 

29 

100 

67 

4-8 


It is obvious that 1 ml. of plasma always contained much more hormone 
than can be obtained by extraction of 1 g. of glandular tissue. In one-third of 
the experiments the ratio was 10 : 1 or greater. 

(2) The e^ect of blood flow and blood 'pressure on the output of cortical hormone 

In the interpretation of results bearing on the question whether certain 
conditions modify the output of cortical hormone, the limited accuracy of the 
method has to be taken into account. Changes can, as a rule, only be ascer- 
tained if they are large, e.g. threefold increases or reduction to one-third of the 
basal value. The effect of a particular factor can be tested by comparing the 
yield in several experiments differing from each other with regard to that factor. 
Such information, based on the foregoing experiments, will be described here. 
Experiments in which the output is measured in consecutive samples obtained 
from the same animal under varying conditionswill be reported in another paper. 

(i) Blood flow. The weight of the suprarenals varied between 04 and 1-3 g., 
their blood flow, however, between 0-2 and 8-2 c.c./min. The figures apply to one 
gland only, except in the case of the cat and the rabbit. In spite of this wide 
range of blood flows, no correlation was foundbetween yield ofhormoneandflow 
through the gland. In fact, when the blood flow changed considerably during the 
same experiment, the concentration of cortical activity varied inversely with 
the flow, the hormone production per minute remaining comparatively un- 
changed. An example was given in Fig. 3. Between the collection of the first 
(column 1) and the second (column 5) sample of suprarenal plasma, the blood 
flow through the gland had fallen to one-third of its original value. The fall 
was partly due to the fact that the left splanchnics had been severed after the 
collection of the first sample. The considerable increase in hormone con- 
centration is apparent in the figure. It may well be an expression of an 
unchanged rate of hormone production and, therefore, of the independence of 
hormone output on blood flow. This argument is, of course, only vafid if section 
of the splanchnic in itself does not alter the cortical activity. Evidence for 
that assumption will be published later. 

(u) Arterial blood pressure. During the collection of suprarenal blood samples 

m different experiments, the mean arterial pressure varied from 25 to 132 mm 
Hg. There was no correlation between blood pressure and amount of hormone 
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secreted per unit of time. In order to obtain a bigh concentration of actire 
principle, it is, therefore, best to work at a low arterial pressure and a corre- 
spondingly small blood flow. 


(3) Fate of the cortical hormone in the organism 
The fact that no cortical hormone could be detected in arterial blood, or in 
blood from the right side of the heart, indicates that the body disposes at peat 
speed of the released hormone. The gastro-intestinal tract, spleen and liver, 
are not essential for this disappearance, since the result is the same in the 
eviscerated animal. Even in blood samples which were obtained from the 
heart several hours after evisceration, cortical activity was absent. If the liver 
played a predominant role in the inactivation of the hormone, its exclusion 
from the circulation would lead to accumulation of cortical substance in t e 


general circulation. As no such accumulation was detected, and the hormone 
is stable in blood, it must be either very rapidly inactivated by the tismes or 
very speedily excreted by the kidney. In order to decide between t e two 
alternatives, the following experiment was devised : A female cat (2 4 kg.) 
anaesthetized with chloralose, and 25 ml. blood were drained from 
carotids into a tube, containing a little heparin (sample 1). The bio o 
was partially replaced by infusing intravenously 15 ml. heparinize e ^ 
taken from another chloralose cat which had been bled completely an 
discarded. The animal was now eviscerated and both its ovaries an ® 
were excluded from the circulation. Two and a half hours later, 10 ^ ^ ^ 

were given intravenously, a record of the blood pressure was stai^ i^affore 
second sample of 26 ml. blood collected from the carotid. The bloo p 
fell from 86 to 6 mm. towards the end of the haemorrhage, but recovM 
pletely when the blood loss was replaced as soon as the samp e , 
obtained. The aorta was tied distal to the renal arteries, the cava cann 
at the level of the renal veins, the lumbar veins tied at the lateral e 
suprarenals, the cava ligated above the suprarenals, and the sup 
effluent drained from the caimfflated cava. Twenty-five ml. oo 
were coUected during the next 28 min. and the blood ^th 

average of 62 mm. Hg by slow intravenous infusion of blood (duu 

saline towards the end of the experiment). columns 

The three blood samples were assayed for cortical hormone ( 

1-3), and their activity was compared with that of sahne (co mM 
4 % eucortone solution (column 4). The survival tunes observe vw 
earotid blood samples are identical. Therefore, in the general 
eviscerated, nephrectomized cat, no accumulation of cortical 

taken place. . • j r 28 min-, 

The suprarenal sample, on the other hand, coUected in ® P® the 

contained a considerable amount of hormone (column )• P 
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same as that of a 4 % solution of eucortone. Assuming that 125 ml. are an 
adequate estimate of the blood volume of the eviscerated nephxectomized cat, 
ve can infer from that figure and the blood fiow through the glands (25 ml. in 

hr. 



• • cat.) Ordinate: mean surrival time (hour,). Xmnlv.r „<■ 

each TOlumn. The rata received at each injection: group I 0-3 ml ^ tott^m 

J^ceration; group 2, 0-3 mi. carotid plaama 2i hr.Tftil 

^np 3. 0-3 ml. suprarenal plasma; group 4, 0-3 mL 4 o' eumrt ^ nephrectomy; 

S . u o nu. 4 ,0 eucortone; group 5, 0-3 mL 0-9 «/„ 
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28 rtiin.), that the snprarenals produced in 2|- hr. enough hormone to raise tlie 
concentration in the general circulation to the figure found in the suprarenal 
effluent, provided inactivation had not taken place in the body. As no accumu- 
lation whatever occurred, it follows that the substance is destroyed in the 
tissues and that renal excretion can only play a neghgible role in its disposal. 
This result confirms, for the natural hormone, an observation by Pfiffner, 
Swingle & Vars [1934], who found only very small amounts of hormone in the 
urine of a dog injected subcutaneously with a massive dose of cortical extract. 

A comparison of the survival time of the saline-treated group (column 6) 
with those obtained by injection of the two carotid blood samples (columns 1 
and 2), shows the slight protection occasionally observed with arterial blood 
from the cat and mentioned on p. 345. The differences between the survival 
times, although significant, are so stnon that there is considerable doubt 
whether they are due to traces of cortical hormone or to some other con- 
stituent of the plasma. As in this cat the ovaries had been tied off at the begin- 
ning of the operation, it is unlikely that progesterone was responsible for the 
protection. Progesterone could be ruled out entirely by another experiment, 
in which the same phenomenon occurred in a male cat. 

Discussion 

The foregoing experiments have shown that there is invariably present, m 
the venous blood leaving the suprarenals, an amount of cortical hormone 
detectable by biological assay. Its quantity is surprisingly high. The average 
yield obtained per min , per kg. body weight, by the suprarenal of one side, 
is equivalent to the amount which can be extracted, by methods used conuner 
ciaUy, from 0-6 g. glandular tissue. Por a dog of 10 kg. this would represent a 
daily production by both glands of the equivalent of 17,300 g. suprarenal tissue 
contained in 230 ml. of a commercial extract. . ^ 

The discrepancy between the amotmt of hormone obtainable by chenu 
treatment of glandular tissue and the quantity present in the venous oo 
drained from the gland can be interpreted in several ways; either the met o 
of extraction are very inadequate, or the steroids are not stored in the gm 
in their potent form but changed into the active principle (or princip esj 
their release into the circulation. It is not possible at the moment to eci 
between the two alternatives. If storage of hormone in the cortical 
indeed negligible, this fact would distinguish the suprarenal cortex from m 
other endocrine glands, and particularly from the suprarenal medulla. 

Another characteristic feature of cortical activity is the 
tinuous release of the hormone into the circulation; this again is m 
contrast with the rhythmic function of many endocrine glands, 
which is initiated either by nervous or by chemical stimuli. This o 
of permanent activity is, however, so far restricted to the specia con 
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(anaestliesia, severe abdominal operation) under vbicb tbe present experi 
ments vere performed. Wbetber it also bolds nndet normal ciicnmstances 
cannot be decided before methods have been employed vrbicb allovr tbe 
)llection of suprarenal venous blood in tbe surviving animal. 

Comparison of tbe quantity of cortical bormone secreted by tbe glands of a 
ledium-sized dog, witb tbe quantities employed for maintaining life in supra- 
malectomized animals, discloses anotber great discrepancy. Tbe figures given 
y different authors concerning tbe bormone requirements of suprarenalec- 
omized animals are very variable ; some of tbe differences are obviously due to 
aequalities in the potency of various extracts; tbe values, however, are 
.Iways much smaller than tbe daily output of bormone into tbe circulation 
rbich, according to tbe foregoing experiments, corresponds to 230 ml. of a . 
nmmercial extract for an animal of 10 kg. Eversole, Gaunt & Kendall [194:2] 
tate that the maintenance dose for a dog is 1 ml. of cortical extract (75 g. 
lland), and Clegbom, Fowler, Wenzel & Clarke [1911] give a similar figure 
[1-8 ml.) for a dog kept on a diet containing 1 % NaCl. The latter authors add 
that 7-15 times those amounts are required in tbe state of collapse; even 
27 ml. extract, however, are bttle compared to 230 ml. According to Nowak 
[1938], 5 ml. extract daily (approximately 2 ml./kg.) are adequate for a cat, 
and rats are reported to need between 1 (Eversole et al. 1942] and 4*5 ml./kg. 
[Hartman et al. 1931]. It would, therefore, appear that the doses of hormone 
indispensable to life are far smaller than those available in the animal pos- 
sessing its suprarenals and required for optimal function of its organs. Some 
evidence to the effect that the amounts of extracts hitherto used are not 
adequate for the full restitution of the functions of the body can also be 
obtained from the treatment of cases of Addison’s disease and from functional 
tests in suprarenalectomized animals. It is well known that human patients, 
despite the administration of desoxycorticosterone acetate or water-soluble 
cortical preparations, have a low efficiency of the muscular and circulatory 
systems. Observations on cortin-treated suprarenalectomized cats and do<m 
[Hartman, Lewis, Thatcher & Street, 1942] reveal an abnormally high globulin 
content of the plasma in spite of a clinically satisfactory condition. Further- 
more, in suprarenalectomized rats, the cortin requirements for normal work 
performance far exceed the maintenance dose; even with very lar^e amounts 
restitution of function is not complete [Ingle, 1936]. The possibffity has, of 
course, to be borne in mind that the extracts used are not only given in too 

small a quantity, but might be quabtatively different from the natural hormone 


1- Experience is reported with Selye & Scbenker’s method for the assay o 
cortical hormone (treatment with cortical extract of youim sunrarenalpp 
tomuod ,0 low ,™pon,t„xe). Th. , 03 po„,/(„^; 
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was foimd to be proportional to the logarithm of the dose. The accuracy of the 
test is inferior to that of the assay on drakes ; its sensitivity, however, is about 
26 times higher. 

■ 2. With the aid of this assay, estimation was made of the cortical hormone 
in the venous efiQuent of the suprarenal gland of the dog, the cat, the goat, the 
rabbit and-the pig. Considerable cortical activity was invariably found in the 
venous blood collected from the suprarenals. It was absent in arterial blood 
and in blood taken from the right side of the heart. 

3. The potency of suprarenal blood was compared with that of a conunercial 

extract (‘eucortone’, Allen and Hanbnrys), of which 1 ml. is equivalent to 
76 g. gland. The potency of the blood may then be expressed by the weight of 
suprarenal tissue which has to be extracted in order to obtain a solution of the 
same activity. The average output of one suprarenal gland, per min. per kg. 
body weight, was equivalent to 0*6 g. of suprarenal tissue. Its range lay 
between 0-26 and 2-0 g. tissue. The order of magnitude was the same in the 
five species used. The potency of 1 ml. suprarenal plasma was at least several 
times, occasionally 10-12 times, as high as the activity obtained by extraction 
of 1 g. gland. ‘ 

4. The figure of 0-6 g. suprarenal tissue per min, per kg. amounts to a a y 
output, by both suprarenals of a 10 kg. dog, of 17,300 g. gland contained m 
230 ml. of a commercial extract. This figure is probably an underestimate, 
follows that either our present methods of extraction are inadequate, or e 
suprarenal cortex does not store its principle (or principles) in the active oi®. 

6. As far as can be detected by the available methods, the minute-output y 
the suprarenal cortex is not affected by changes in blood pressure or blood ow 

6. Cortical hormone is rapidly inactivated in the tissues. Liver, spleen 
gastro-intestinal tract are not essential for this process. Neither ^ 

excretion by the kidney play an important part in the disposal of co 
hormone. 

ItisapIeaBuretothaukDrK. H. Coward, Pro£J. H. Gaddnmand.partionlflriy.DrR ^ ^ 

their advice in the statistical treatment of the results. My thanhs are equally dne 
for his help in some of the assays. 
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METABOLISM OF PHOSPHATE AND CARBOHYDRATE 
IN EXTRACTS OF HUMAN MUSCLE AND BRAIN 


By G. D. GREVILLE aito H. LEHMANN, 

RumceU Hospitat, Nr Wid^ord, Essex 

{Received 22 June 1943) 

An ontstanding factor in the intermediary metabolism of muscle is the part 
played by phosphate. The immediate source of energy for muscle contraction 
is not, as once thought, the breakdoivn of glycogen to lactic acid, but is most 
probably the splitting of phosphate from adenosinetriphosphate (reaction A — 
see below). This appearance of inorganic phosphate is brought about by an 
enzyme intimately associated with myosin, the contractile protein of muscle. 
The adenosinetriphosphate, which is 'present only in small amounts, is re- 
constituted in two ways: 

(a) Phosphate is transferred from compounds formed during the breakdown 
of glycogen into lactic acid. The conversion of the large glycogen molecule 
into a S-carbon compound involves a chain of interlinked reactions. Glycogen 
Bimultaneously takes up phosphate and breaks down into the C-carbon’com- 
pound hexosemonophosphate (reaction B). This receives a second phosphate 
group to become hexosediphosphate, which in turn splits into the 3-carbon 
compound triosephosphate (reaction C). Like hexosemonophosphate, triose- 
phosphate undergoes further phosphorylation. It becomes triosediphosphate, 
which passes by various stages into lactic acid. At two of these, a phosphate 
group is yielded up for the reconstitution of adenosinetriphosphate. 

[b) The more available source of phosphate for the resynthesis of adenosine- 
triphosphate is, however, creatine phosphate (‘phosphagen’), for whereas 
glycogen must first undergo various transformations, phosphagen donates its 
phosphate directly. During this reaction (D), free creatine appears, and the 
phosphagen level falls. The process is reversible, however, so that adenosine- 
friphosphate can phosphorylate free creatine. Hence, as adenosinetriphos- 
phate can be resynthesized through glycogen breakdown, phosphate received 
during lactic acid formation can be used to replenish the phosphagen store. 
The latter, the most readily tapped reservoir of energy in muscle, can thus be 
refilled at the expense of glycogen breakdown. 


23—2 
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Our knowledge of these reactions is based on work with animal muscle. 

ome have been showm to occur in tissues other than muscle, as well as in 

acteria, yeast and higher plants. However, it has not, to our knowledge, 
been established that these processes occur in man. 

As a first step we have selected the following four reactions, the significance ' 
of which has been explained above: 

A. Adenosinetriphosphate->adenosinediphosphate +phosphate. 

B. Glycogen + phosphate heiosemonophosphate. 

C. Hexosediphosphate 2 triosephoaphate. 

D. ( 1 ) Adenosinetriphosphate + creatine ^iadenosinediphosphate + creatine phosphate. 

(2) Adenosinediphosphate + creatine adenylic acid + creatine phosphate. 

They represent the release (A) and uptake (B) of inorganic phosphate, 
and the reversible transfer of phosphate from adenosinetriphosphate to 
creatine (D) ; also the breakdown of a polysaccharide into a 6-carbon com- 
pound (B), and of the 6-carbon chain into the 3-carbon chain, the skeleton 
of lactic acid (C). 

We have found that all these reactions take place in cell-free extracts of 
human muscle. 

Methods 

1—3 g. specimens of normal human volimtary muscle were obtained from 
fourteen patients, during operations under spinal anaesthesia for various 
surgical conditions such as inguinal hernia, carcinoma of the rectum, retro- 
version of the uterus, etc. Specimens of the following muscles were obtained, 
rectus abdominis, obhquus abdominis, pyramidalis and cremaster. AH four 
reactions were demonstrated in at least two specimens. We also obtained 
three samples of normal brain tissue, mainly cortex, from the frontal lobe, 
two during prefrontal leucotomy, and one during the removal of an intra- 
cranial tumour. Extracts of these were used to show the formation of tnose- 
phosphate (C) and the phosphorylation of creatine (D). Only one uterus 
sufficiently free from fibroid degeneration was secured. Its muscle was used 
to demonstrate triosephosphate formation (C). 

Aqueous cell-free extracts vere prepared according to Meyerhof [1926], the various tissue 
whether human or animal, being treated alike. Immediately after excision they were cooled f 
ice. They were then without delay freed as completely as possible from adherent blood and ^ 
weighed, cut finely with scissors, and gronnd with sand in a cooled mortar. They were n 
extracted with l-fi vol. of -ice-cold water for 20 min , in the refrigorator, with occasional stienng, 
and centrifnged for 10 min, at 3000 r.p.m. The supernatant fiuid was left for 30 min. at roo 
temperature, and then stored in the refrigerator, with toluene as preservative. 

We prepared myosin by the method of Greenstein and Edsall, following the 
Bailey [1942] although working on a much smaller scale. Bor use, the myosin gel was 
■in 0-6 Af KCl, and therewith brought to the volume of the original muscle sample. 

Analytical methods i 

The reactions were stopped by deproteinization with trichloroacetic acid. Inorganic 
was determined by Lohmann it Jendrassik’s [1926] modification of the Fisto <t Sabbarowme 
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» Hilger Absoiptiometer being -oaed foi tbo coloiim^tiy. The various phosphate esters -were 

detemmied as follo-wa; " ^ 

Aitnosmtiriphosphate. As inorganio phosphate (corresponding to two of the three phosphate 
poops) released by 7 min. hydrolysis with N HCl at 100° (‘ 7 min. PjOj ) [Lo hm a nn , 1928]. 

Bexostmonophoiphate. As inorganic phosphate released on ashing the isolated water-soluble 
barium salts [Gori & Cori, 1931]. 

Triottphosphalt. As inorganic phosphate released by 20 min. hydrolysis with N NaOH at 
room temperature [Meyerhof & Lohmann, 1934]. 

Creatinephosphate. As the difference between the ‘inorganic phosphate’ as usually determined 
and the true inorganic phosphate precipitated by hlathison’s reagent [Xsohmann, 1928], 

All data refer to human material unless otherwise indicated. 


A.. Breakdown of adenosinelrijthosphate. WitTi myosin, in dilute solution one 
phospiiate group only is released. "Witli Ingliei concentrations, contamination 
ty adenosinediphospliatase may be sufficient to cause release of more than 
one phosphate group, i.e. of more than 60 % of the ‘ 7 min. PoOr ’ FBailey, 
1942], This is shown in Table 1. 


Table 1. Each sample contained 1 ml. 0-1 Af glycine-HaOH buffer (pH 9-2 at 40°), O-OSml. 
0-18Af CaClj, and 0-S ml. adenosinetriphosphate solution containing 0-61 mg. 7 min. P,0,. 
Temp. 37°. 


Myosin solution (ml.) 

Time (min.) 

% of 7 min. P, 

O'l 

15 

41 

0-1 

. 30 

49 

0-1 (heated to 100°) 

30 

2 

0-3 

30 

75 


Table 2 shows the activation of myosin hy Ca++ [hJeedham, 1942; Bailey, 
1942], and its reversal by Mg++ [Greville &• Lehmann, 1943], an antagonism 
irhich may have a bearing on muscle excitability. 

Tabee 2. In each sample, 01 mL myosin solution, 1 mL buffer as before, 0-5 mL adenosine- 
triphosphate solution containing 0-69 mg, 7 min. TjO,; total vol. 1-9 ml. 10 min. at 37°. 

CaCl, or AlgCl, added % of 7 min. P,0, released 

None 3 

OOlJfMga, 4-6 

000511 CaCl, 42-6 

0 005JfCaClj + 0-01Al Mga, 9 


B. Glycogen phos'phorylalion. ’Dxw reaction is a 'direct phosphorylysis’, and 
does not involve, as was long believed, an initial hydrolysis of glycogen to 
glucose. Hence in absence of amylase, the inorganic phosphate which dis- 
appears is a measure of the glycogen breakdown. In our experiments the 

Table 3. In each sample, 0-3 ml. muscle extract containing 0-22 ma innrmin;,^ n n i - 
ehcogon, 04)3 mg. as MgCl,, 2-04 mg. P,0. ashler pH li; 

was added to prevent phosphatase action on the esters formed [Ostem, Herbert * Holmes 
and tolucno as prwervaUve. ' 


Temp, 

Time (hr.) 

NaP 

Boom 

12 


Room 

12 

001 Jf 

37° 

1 

37° 

I 

002 Jf 


% pho^bate 
estcrified 

■67 

70 

38 

46 
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former was occasionally controlled by determination of the liexosemoiioplios- 
phate formation, 

C. Equilibrium between hexosedipJiosphate and triosephospJiate. Tliis 'equili- 
brium is dependent on the temperature and the total concentration of the 
esters. The higher the former and the lower the latter, the more it shifts in 
favour of triosephosphate [Meyerhof & Lohmann, 1934], Starting with a 
hexosediphosphate concentration of 0-33 mg. PjOj per ml., the conversion to 
triosephosphate at equilibrium is 60 % at 37° and 16 % at'0°. 

Table 4. The extracts formed 1/12 of the total vol. Hexosediphosphate, t)*33 xng. 

PjOj per ml., pH 7*4; phosphate buffer, 0-0076^, pH 7*4. 37°. 



% conversion 

to triosephosphate in 

Source of extract 

1 min. 

6 min. 

IS min. 

Voluntary muscle : Human 

19 

60 

BO . 

Rabbit 

48 

48 

46 

Cerebral corte.x: Human 

11 

29 

60 

Rabbit 

11 

30 

46 

Guinea-pig 

12 

37 

48 

Uterus muscle; Human 

6 

9" ' 

20 

Babbit 

3' 

11 

28 


Table 6 shows the resynthesis of hexosediphosphate from triosephosphate 
when the equilibrium shifts on alteration of temperature. 


Table 6. Musde extract, reaction mixture as in Table 4. 

% triosepbi^hato 

60 min , at 0° ' t6 

10 min. at 37° _ 62 

10 min. at 37°, followed by 60 min. at 0° 


D. Phosphate transfer between adenosinetriphosphate and creatine. Reactions 
D 1 and D 2 are interdependent. The equilibrium point of each depends on 
the pS; the more' alkaline the mixture the more creatinephosphate present n 
equilibrium [Lehmann, 1936, 1936]. It will be seen (Table ^a)) that creato 
phosphate formed at an alkaline reaction breaks down again at neutra 7 
with reconstitution of adenosinetriphosphate. 


Table 6. (a) In each sample, 0-3 ml. musde extract (stored 17 days in 

0-1 Jlf Na.HPO*. 1 ml. 0-1 Jlf glycine buffer (pH 9-7 at 18°), mg. creatine, aden^^ 
phosphate 1-16 mg. 7 min. FjOj. The whole was diluted to 3nil.; it could . ().lii' 
ca. pH 7 by adding 0-35 mL 0-1 HQ, and returned to the original pH with 0-35 
NaOH. '17°. 

(6) 0-13 ml. brain extract, other additions as in (a), total vol. 2-1 ml. 18 . 

% of 7 min. P|0» 


(а) 16 min, at pH 9-7 

16 min, at pH 9-7, followed by 20 min. 
16 min. at pH 9-7, followed by 20 min. 
then by 25 min, at pH 9-7 

(б) 30 min, at pH 9-7 


at pH 7 
at pH 7, 


tw^erred to creatine 
78 
27 
72 - 


29 
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. PHOSPHATE METABOLISM IN HUMAN MUSCLE 

\ 

SUMMAHY 

Reactions iuvohnng ph'osplmtc esters have been shown to occur in extracts 
Dt human voluntary muscle, brain eortox and uterus muscle. 

We Annk Hr R. StrOm-Ot'^en, VU\ !<\cmu SuperintonUont of UunweU llo<nU.'il, for I'ermW^km 
topubliUi these ohfcrvntion'*. Wo nre most prntoful to the visit inp Mirpfons. Mi's K. M. Wliniilnm, 
or the mu'clc spocinieii.s, nmi Mr G. C. KniglU, for tho epeeimens of I'miti. 
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former was occasionally controlled by determination of the hexosemonoplos- 
phate formation. 

C. Equilibrium between hexosedipliospliate and trioseplwsphate. This equili- 
brium is dependent on the temperature and the total concentration of the 
esters. The higher the former and the lower the latter, the naore it shifts in 
favour of triosephosphate [Meyerhof & Lohmann, 193f]. Starting with a 
hexosediphosphate concentration of 0-33 mg. P 2 O 5 per ml., the conversioii to 
triosephosphate at equilibrium is 60 % at 37° and 16 % at'0°. 


Table 4. The extracts formed 1/12 of the total voL Hexosediphosphate, 0-33 mg. 
PjOj per ml., pH 7-4; phosphate bnlfer, 0 0076if, pH 7'4. 37°. 

% conversion to triosephosphate in 


Source of extract 

Voluntary muscle: Htiman 
Rabbit 

Cerebral cortex: Homan 
Rabbit 
Guinea-pig 

Uterus muscle: Human 
Rabbit 


1 min. 

5 min. 

19 

60 

48 

48 

11 

29 

11 

30 

12 

37 

r 

6 

9 

3' 

n 


16 min. 
60 , 

45 

60 

46 
48 
20 
26 


Table 5 shows the resynthesis of hexosediphosphate from triosephospha 
when the equilibrium shifts on alteration of temperature. 


Table 6. Muscle extract, reaction mixture as in Table 4. 

% triosephosphate 
16 ^ 

62 

' 16 


60 min. at 0° 

10 min, at 37° 

10 min. at 37°, followed by CO min. at 0 

D. Phosphate transfer between adenosineiriphosphate and crealifw. 

D1 and D2 are interdependent. The equilibrium point of each 
the pH; the more/ alkaline the mixture the more creatinepho^hate p 
equilibrium [Lehmann, 1936, 1936]. It will be seen (Table e^o)) ^ 

phosphate formed at an alkaline reaction breaks down agam a 
with reconstitution of adenosinetriphosphate. ^ 

Table 6. (a) In each sample, 0-3 ml. mwde extract (stored 17 “ ”^®^^^’o 3 inetn- 

0-lM Na,HPO«, 1 ml. 0-lM glydne buffer (pH 9-7 at 18°), ^ brought to 

phosphate 1*10 mg. 7 tniTi. PjO^. The whole was diluted to 3 mb; it^ ^ 0-li^ 

L pH 7 by addi^ 0-35 ml. 0-1 M HO, and returned to tie original pH u 

NaOH. '17°. _ . 78°. 

(6) 0-13 ml. brain extract, other additions as m (a), total vol. 


(a) 16 min, at pH 9-7 . tt n 

16 min. at pH 9-7, foUowed by 20 min. at pH 7 

16 min. at pH 9-7, followed by 20 mm. at pH 7, 

then by 25 min. at pH 9-7 
(i) 30 min, at pH 9-7 


0/, of 7 min. PiO« 

traSferred to creatine 

78 

27 

72 - 


29 
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ALKALI IN PANCREATIC JUICE 


results of tliese experiments HammaTsten'& Jorpes found support for their 
theory that the alkali in the pancreatic juice is stored in the gland and dis- 
charged from these supplies during secretion. 

■Ball [1930] took as his starting point the assumption that if the alkali in 
the juice on secretion comes direct from the blood, then changes in the bicar- 
bonate content of the plasma and in the concentration of each indimdual 
cation in the blood ought immediately to affeet the concentration of the ions 
concerned in the pancreatic juice. Ball’s experiments rvere made on dogs, 
the secretion being set in motion by injections of secretin. He administered 
hydrochloric acid intravenously, and produced a comparatively high reduc- 
tion in the d)icarbonate content of the blood; this vas ansrvered by a sbght 
■fall in the bicarbonate content of the pancreatic juice. He raised the bicar- 
bonate content of the blood by an injection of carbonate and the bicarbonate 
radical in the pancreatic juice rose. After this procedure also, a relatively 
large increase in the bicarbonate content of the blood vas obtained but only 
a slight increase in that of the pancreatic juice. When he increased the sodium 
and potassium in the blood, these ions rose at once in the pancreatic juice. 
Thus Ball found that alterations of the bicarbonate radical, the potassium, 
and sodium in the blood rrere immediately followed by similar changes of 
these ions in the pancreatic juice; the pancreas is therefore readily permeable 
to these ions. He considered he had proved by these tests that' the alkalinity 
of the pancreatic juice originates directly from the blood. Objections may be 
raised against Ball’s erperimental method; the alterations in the equilibrium 
between acids and bases which he produced in the blood of his experimental 
animals are large, and fall outside the physiological limits. Furthermore, the 
changes in the bicarbonate content of the pancreatic juice were small in 
relation to the great changes in the alkali reserve of the serum. In addition, 
his results are made more difficult to interpret through the fact that, as he 
himself demonstrated, the bicarbonate content in the pancreatic juice varies 
according to the secretion rate. When the rate increases the bicarbonate 
content in the juice increases. His experiments on the effects on the pancreatic 
juice of alterations in the blood’s content of potassium and sodium show 
however, that an alteration in the concentration of these ions in the plasma 
is accompanied by a corresponding change in the pancreatic juice. 

As was proven by Montgomery, Sheline & Chaikoff [1911], radioactive 
Bodium given intravenously appears in the pancreatic juice within 3 min 
This, of course, supports the theory that the alkah in the pancreatic juice 
originates directly from the plasma. 


In the investigation to be described in this paper, Hammarsten & Jom 
theory has been subjected to further experimentation. ^ 


es’s 


If the alkali in the pancreatic juice is delivered from a sunolv of hlVah 
the gland, one would expect, as Hammarsten & Jorpes poS ou^'t^i 
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THE ALKALI IN THE PANCREATIC SECRETION* 

By C. 0. OLDPELT, From the Department of Chemistry, 
Earolinsica Institutet, Stockholm 

{Received June IMi) 

There has been some discussion as to whether the alkah in the pancreatic 
juice is delivered from reservoirs in the gland or whether it is taken diied 
from the blood during the pancreatic secretion. In 1928, Hammarsten 
Jorpes advanced the theory that the alkali is stored in the gland as nn en 
acid alkali and that this alkali bound to the nucleic acids is first taken u 
use when the secretion takes place. Ball [1930], after having observe * 
changes in the sodium and potassium content of the blood are ® ^ 
followed by changes of these ions in the pancreatic juice, conclude u 
alkali in the juice is delivered direct from the blood during the secretiou 
If the theory advanced by Hammarsten & Jorpes is correct, an 
charging of the gland with alkali proceeds at a slower rate than ^ ® ^ 
charging, with a maximum secretion, their assumption ought to ® 
mentaUy verifiable. These investigators, by means of repeated 
secretin, caused their expierimental animals (cats) to secrete ^ 

amoxmts of pancreatic juice. The animals’ stomachs had been r^ 
order to exclude all possibility of a simultaneous secretion 0 g 
Control cats operated upon in the same way and at the same t^e ^ 

as comparative material. The first experiments were made wi ”, ■ ^ 

finding out whether the secreted amounts of alkali produced any c 
the alkali reserve in the blood of the experiinental animals, but no s 
could be demonstrated. It was also thought that if the pancreas 
worn out by powerful and sustained secretion the accumulation ° ® should 
in the gland which, according to their theory , ought to ta e p ’ 
bring about a reduction in the alkali reserve in the glan , snc a 
when sufficiently advanced, should cause an increase in t e ^6 
in the gland. Hammarsten & Jorpes produced an extract toom 
cut-up gland and made "pH determinations on the extoact. ^ all 

that the degree of acidity in the extract from' a norma pancr 
cases lower than that in the extract from the secreting pancrea . 

* This investigation was carried out with the aid of grants from Stiflelse 
Anderssons Minne’. 



365 


ALKALI IN PANCREATIC JUICE 

normal cats. The alkaU reserve of the pancreas therefore does not change 
during secretion. The experiments point consequently to the fact that the 
alkali released during the secretion of pancreatic inice is not stored in the 
^nd as vras suggested hy Hammarsten & Jotpes. The amounts of alkali 
collected during these secretion experiments exceeded many times over the 
alkah -which, according to the last-mentioned investigators, could be bound 
by the nucleic acids in the gland of a cat (3 c.c. of (i-\N alkali). 

Another -way of testing the secretion theory under investigation might be 
to determine the alkali metals in the gland -when at rest and after intensive 
secretion. I carried out a feu- experiments of this type. 

The experimental animals -were cats, and these -were operated upon and 
treated in the same manner as for the preceding experiments. Immediately 
after the close of the experiment the pancreas -was excised and freed as 
thoroughly as possible from fat and blood. It -was divided into tvro parts and 
these -were -weighed and incinerated with perchloric acid. The surplus per- 
chloric acid -was evaporated and the ash dissolved in distilled -water to make 
up a certain volume, usually 25 c.c. Erom the solution the potassium was 
determined by the method used by Cullen & "Wilkins [1933], the sodium by 
the method of Butler & TutWll [1931], and of Cullen & "Wilkins, and the 
calcium by Lundegirdh’s [1929] method. Table 3 shows the findings. 


Table 3. Determinatiotus of the alkali in the pancttes 



CkiUected 

Alkali in the gland tissue 



pancreatic jnioo 

, 

A... 

» 

Ca 


Exp, time 

c.c. of 0-1 jV 

K 

Na 

K + lTa+Ca 

min. 

NaOH 

m.eqniv./kg. 

m-equiv./kg. 

nuequiv./kg. 

m.equiv./kg. 

ISO 

27-5 

112 

61 

3 

176 

25 

4-4 

107 

68 

3 

178 



113 

65 

3 

181 

— 

0 

107 

72 

3 

1S2 


' 

111 

70 

3 

184 


Not even in these experiments could any difference be observed between 
the pancreas at rest and after secretion. The results support the observations 
made during the determinations on the alkali reserve. 


SUMMAKT 


1. The alkali reserve of the pancreas of cats after profuse secretion of 
pancreatic juice is not different from that of the resting gland 

2. The potassium, sodium and calcium content of the pancreas of cats’ 
does not change as a resnlt of secretion. 


3. The origin of the alkali of pancreatic [nice is discnssed and 
eluded that it is obtained directly from the blood dnring secretion 


it is con- 

1 



364 


a 0. OLDFELT 

t 

alkali reserve would decrease during intensive secretion. In order to tert ' 
wkether this really occurs the following experiments were carried out. 

Cats were fasted for 24 hr. and anaesthetized with urethane. The duodenal 
papilla was laid free and 20 doses of secretin fVVilander & Agren, 1932] were 
given intravenously every 16 min. for 2-3 hr. By this means a' continuous 
and powerful secretion of pancreatic juice was obtained. The secretin com- 
pound had very kindly been placed at my disposal by Agren & Wilander 
[1933], and by Hammarsten and his co-workers [1933]. In some of the testa 
the secreted juice was collected in the manner suggested by Wilander & Agren 
and the alkali titrated. Immediately after the conclusion of the experiment 
the cat was k il l ed and the pancreas removed and freed from fat as completely 
asp)ossible. The gland was minced by cutting slips lOp. thick on the freezing 
microtome, and the process was then repeated. Part of it was transferred to 
a weighing flask and weighed (2-3 g.). Distilled water (as a rule about 6 c.c.), 
a few drops of octyl alcohol, and a number of glass beads were added and the 
flask was energetically shaken. A homogeneous suspension of the gland m 
water was thus produced. The suspension was then saturated at 38° C. with 
a mix ture of air and carbon dioxide having a carbon dioxide pressure of 
40 mm. The alkaU reserve in the gland suspension was then determined 
immediately by Van Slyke’s manometrio method, on 1 c.c. of the suspension 
[Peters & Van Slyke, 1932]. Control animals were treated in exactly the sai^ 
marmer, except that they received no secretin injections. The values obtam 
will be seen in Tables 1 and 2. 

In these experiments the stomach was not removed; this did not seem 
necessary in view of the hypothesis on 'which the tests' were basea. 
pylorus was tamponated. 


Cat no. 
2 

4 

5 

7 

8 

la 


Table 1. Pancreatic secretion set free by secretin 


Alkali reserve 
mil. BSCOjfkg. 

18-7 18-5 

21-8 18-7 

18-4 18-2 

18- 4 

19- 4 18-7 

20- 8 19-9 191 


Mean 

mM. BHCO^. 
18-6 
20-3 
18-3 

18- 4 

19- 1 
19-9 


Collected alkali 
C.C. of 0-117 
solution 
6-6 
10-2 
2-8 
7-0 
26 
22 


Cat no. 

1 

3 

6 

9 


Table 2. Normal cats 

Alkali reserve 
mM. BHCO,/kg. 

18-9 19-0 

18-8 18-3 

18-9 

20-6 20-6 20-1 


Mean 

mM. BHCO^. 

19- 0 
18-6 
18-9 

20- 4 


The mean figure for the alkali xeserve was thus '19-1 mM. of 
ind for the secreting cats, and 19-2 mM. of BHCOj/kg. o g an 
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A COMPARATIVE BIOLOGICAL ASSAY OF ACTIVITY 
' IN SIMPLE SOLUTIONS OF ADRENALINE 

By G. B. west, From the College of the Pharmaceutical Society, 
Bloomsbury Square, London 

{Received 24 June 1943) 

When a sample of adrenaline is to be tested to see if it has the full actBnty of 
the pure substance, the biological assay is usually performed using the vaso- 
pressor action in a spinal cat or dog, or by its action on the isolated rabbit 
iatestine. Isolated frog hearts prepared by Straub’s method hare also been 
utilized [Gaddum & Kudatkovrski, 1939], and estimates by this method were 
found to agree with colorimetric determinations [Shavr, 1938]. Frogs ate more 
easily obtained in sufficient quantities than cats or dogs at the present time,’ 
and so perfusion of the frog heart was studied as a means of assaying activity 
in simple pharmaceutical solutions of adrenaline. 

Method 

The isolated frog heart was perfused by a modified Symes’s method. Having 
exposed the heart free from pericardium and having bgatnred the anterior 
venae cavae, a mammaban venous cannula, full of frog Binger’s solution, was 
inserted into the posterior vena cava. The heart was then removed from the 
animal and the movements recorded on a kymograph by means of a thread 
and a long isotonic lever. The cannula was connected to the perfusion apparatus 
(see Fig. 1), which was supported on one retort stand. The frog Binger’s 
solution in reservoir A was maintained at a constant level (as shown by an 
arrow), the adrenaline dilution in bottle B also being at this level before 
perfusion. The heights of the two siphon tubes were equal, being about 5 in. 
above the venous cannula. Besults were consistent using this apparatus, 
although Mariotte bottles could be used to maintain a constant pressure of 
perfusion. 

Pebeobiiaxce oe the assay 

A dilution of the standard adrenaline solution was placed in bottle B and 
tap B was opened so that this solution siphoned over by blowing down outlet 
tube B. Using a slow drum, a short tracing was taken to show the normal beat 
and then the three-way capillary tap G was turned to allow nerfnsioo nf 
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aliquot portions ^rere removed and made up to 100 ml. vritli Hinger s solution 
in flask 3. This was the perfusion fluid, and it was used immeiiiately and never 
more than once, as over 30 % of the activity is lost in 5 min. On most hearts, 
the standard gave an adequate response in a concentration of 1/100,000 (that 
is, 1/100,000,000 of adrenaline). 

Results — ' 

Over forty samples of simple adrenaline solutions have been assayed. For each 
experiment, the standard solution was freshly prepared unheated liquor 
adrenaline of the British Pharmacopoeia (1/1000). Fig. 2 shows a comparison 
between this standard (B) and a test solution (T). From these tracmgs, 
(a) 1/150,000 of test was stronger than 1/200,000 of standard, or test was 


'jlmA ^ -^4 


. 'i'- 

■ j'r ’ 




( 



t 
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' ■ ^ 
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Fig. 2. Effects of standard (S) 1/200,000 compared with t^ (D 1/150,000 and 1/200 000. 

Each perfusion lasted for IJ mm. onlr. " 


Stronger than 150, 000/200, 000 = 0-75 of standard; (6) 1/200.000 of test was 
weaker than 1 200,000 of standard, or test was weaker than standard. Hence, 
the approximate strength of the test solution was 87-5 % of the standard, that 
is, 1/1143 of adrenaline. The comparison was then repeated using different 
doses of the test solution so as to obtain closer limits. ^ 


The results obtained using varying dilutions of the freshly prepared stan- 
dard are recorded in Table 1. Freshly bofled and cooled diklled water was., 
used for preparing the dilutions, which were carried out by an independent' 
worker. The standard error of the test, calculated by the method of Gaddum 
[1938] using the true values of the ‘unknown;’ dilutions was ‘>■11 T Tb 
of omr^-0.99) tWore «. lOOiS-SS %. Itk 

drfTerences of o-6 % can be accurately measured by the cat method so that 
the firog-heart method is just as accurate. ’ 
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adrenaline solution in place of the Ringer’s solution. This perfusion lasted 
exactly or 2, min., after which the lever was removed from the drum. The 
drum was stopped, and tap C turned to allow the Ringer’s solution to re- 
perfuse. The contents of bottle B and of the siphon tube B were removed, and 
the liquid remaining in the tube betweenjiap C and tap B was washed out with 
Ringer’s solution by turning tap C and opening tap B. The dilution of.the 
test adrenaline solution was then prepared, and this took exactly 4 min. 
During this period the heart beat had nearly always returned to normal. The 
drum was started, and the test solution perfused for the same fixed time, .at 
the end of which it was replaced by Ringer’s solution. The test adrenaline was 
repeated using the same dose, and, finally, the standard so that a group of four 



Fig. 1. The perfosion apparatus. The retort stand has been omitted; it supports 
reservoir Af bottle B and the three-Tvay capillary tap C, 


results was obtained. It was found that the response to a given dose was more 
constant in the region of the maximum response than elsewhere, and 80 
tions were compared in exactly the same manner as that used for the o ci 
assay of pituitary (posterior lobe) extract by usmg doses which just pro uc 
submaximal contractions. Equahty of response was useful only as co m 
tory evidence. . 

The most accurate procedure for obtaining dilutions was -to 
adrenaline solutions supplied in 2 ml. ampoules. Each ampoule was use 
one response only, and dilutions were always carried out using one 
set of pipettes and three 100 ml. volumetric flasks. One ml. of the so u 
the ampoiile was diluted with 99 ml. of freshly prepared boiled an 
distilled water in flask 1; of this dilution, 1 ml. was removed and “ 

99 ml. of freshly boiled and cooled distilled water in flask 2; of t 
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SxD.nt ART _ 

A biological assay of adienalrne solutions by tbe effect on isolated perfused 
-frog hearts is described. Tbe method has tbe virtue of using tbe same tissue 
for tbe standardization, so allowing direct comparison bet’sveen tbe standard 
and test solutions vitb tbe opportunity of intercbange so as to make com- 
parisons and contrasts. Winter male frogs provide tbe best test objects. Tbe 
limits of error (P=0-99) of tbe test were estimated as 100 + 5-59 %. 

lurisJi to e:spress mv indebtedness to Prof. A. St G. Hnggett for helpfnl advice and criticism, 
and to Mr G. F. Somers for technical assistance. 
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Table 1. The e'stimation of unknown dilutions of the standard adrenaline Bolution 


Dilution of 
standard 
(as %) 

Values found 

y 

Mean of 
four results 

Individual percentage 
deviations of the 
true result 

90 

'90-9, 91-7, 91-7, 90-9 

91-3 ^ 

1-0, 1-9, 1-9, I'O 

80 

80-1, 80-1, 801, 83-3 

80-9 

0-1, 01, 0-1, 4-1 

70 

71-7, 71-4, 69 0, 71-7 

70-9 

2-4, 2-0, 1-4, 2-4 

GO 

60-7, 69-0, 60-7, 00-7 

60-3'' 

1-2, 1-6, 1-2, hi 

60 

60 0, 61-3, 61-3, 48-8 

60-4 

0-0, 2-6, 2-6, 2-4 

40 

40-8, 38-6, 39-3. 40-8 

39-9 

2-0, 3-7, 1-7, 2 0 

30 

30-3, 29-6, 29-9, 30-3 

30-0 

1-0, 1-3, 0-3, I'O 


Comparison with the rabbit-intestine method 

Three dilutions ^Tvere assayed by the frog-heart method and then by the 
rabbit-intestine method. The results are recorded in Table 2. 


Table 2. Estimation of adrenaline solutions by the tu'O methods 


Dilution of 
standard 
(as %) 


90 

60 

30 


Frog-heart method 
(using a concentration of 
1/10® of adrenaline) 


Value obtained 
(as %) 

90-9 

60-7 

29-5 


Percentage 

deviation 

10 

1-2 

1-7 


Rabbit-ileum method 
(using a concentration of 
1/6x10’ of adrenaline) 

^ * \ 

Value obtained Percentage 

(as %) deviation 


91-4 

69’0 

28-6 


P6 

1-8 

4-7 


I 


These results show good agreement. The frog-heart method was not o y 
slightly more sensitive than the rabbit-gut method (as a lower concentration 
of the standard adrenaline was sufficient), but it also showed lower percentege 
deviations. The sensitivity could be stiH further increased by cocainisataon, 
when a concentration of 1/333,333,333 of adrenaline was perfused throng t e 
frog heart alone, no stimulatory effect was observed, but when perfuse wi 
1/200,000 of cocaine hydrochloride, a measurable response was shown. 


Discussion 

Repeated perfusion of the same dose of standard adrenaline 
responses, but after 4 or 5 hr. the response diminis hed gradually. This 
upset the assay, the result being based on groups of four tracings, ^ 

were reproducible. It is important to keep a fixed time interval between 
, and this, of course, wiU depend on the output of the heart. Large 
frogs have been used throughout. Results were not so consistent wit s 
frogs, the hearts of which needed larger doses and were always use 
about 3 hr. The heart-beat was about 30-40 per min. in nearly every 
ment; if the ligature had been placed on auricular muscle, -the beat wa 
reduced and the preparation was useless for the test. 
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ANAPHYLAXIS TO SERUM PROTEINS 
IN THE GUINEA-PIG 

By L. B. IYDsTEB, From the Department of Physiology, 
c University of Sheffield 

[Received. 28 Janvary 1943) 

PART 1. ABSORPTION IROM THE INTESTINE 

Since the pioneer -R-ork of Van Slyke & ileyer [1912} demonstrated the ready 
absorption of amino acids from the intestine, experiments on the absorption 
of rmdigested protein have been abnost entirely lacking. It is assumed that 
dniiiig the course of digestion protein is absorbed in the form of amino acids, 
and this assumption is based on the ample provision of the appropriate 
enzymes in the gnt. It is not knovm rrhether individual proteins are prevented 
ftoih passing the epithelium without previous hydrolysis, on account of the 
ferge size of the molecule or some special property of the cells vrhich tejects 
foreign protein. To explain certain allergic phenomena in man the absorption 
of protein in small amounts is conceded, but this is vrithout direct proof, and 
in any case is usually regarded as a pathological process in certain individoals. 
There seems no reason vrhy molecular size should of itself limit the absorption 
of unchanged protein from the intestine. 

The present mork uas undertaken to determine vhether horse serum albumin 
and serum globulin, tvro proteins vrhich differ markedly in molecular weight 
and which, as Svedberg & Sjogren [1928] have shown, may be isolated homo- 
geneous as regards particle size, can be absorbed from the small intestine; 
and if so, whether molecular size has an appreciable influence, enabling albumin 
to be absorbed more readily than globulin. Since it was not to be expected 
that these proteins would be absorbed in large amount, the ideal method of 
I approach seemed to be by the application of the anaphylaxis reaction. This 
method has been used with success by Hettwer & K-riz [1925] and bv Hettwer 
t Kriz-Hettwer [1926] in studying the absorption of blood sermn from the 
small intestine of the guinea-pig sensitized by serum. These workers injected 
serum into loops of iatestine of anaesthetized animals and noted whether 
symptoms of anaphylactic shock occurred. Desensitization was also tested 
subsequent intraperitoneal injection of serum. TTe have carried out up- 
■^ards of two hundred experiments on anaphylactic shock in guinea-pigs, 

24 
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Dale &; Hartley [1916] had sliovni that a longer time is needed for albumin 
sensitization, 4r-6 vreeks Tras allowed for the latter. The animals were weighed 
just before ojperation, and we have worked always to the nearest 20 g. body 
weight; an imaginary standard animal of 300 g. or 16 ‘units’ has been adopted, 
and the weights of protein necessary for injection, and many calculations, 
have been made on this basis. Only for pubhcation are the weights of protein 
recorded as per 100 g. body weight. 

When sensitization should have been effected, the animal was anaesthetized 
with ether, the abdomen was opened, and two ligatures were placed on one 
uterine horn. Two threads were inserted in the muscle between the ligatures 
and the piece of mnscle was removed and set np in the bath, the contractions 
being recorded on smoked paper. Latterly, the two ligatures were dispensed 
with; some little time was saved and no significant amonnt of blood was lost. 
After the first horn had been removed, tbe protein was injected into the 
animal. The wound was then sewn up and the animal was allowed to recover 
from the anaesthetic. After the desired interval a portion of the second horn 
was removed, usually after killing the animal hy a blow on the head, but 
often under anaesthesia in the living animaL It has been impossible to detect 
any interfering action of the ether throughout the experiments. Except where 
otherwise stated, in testing the first and second horns for sensitivity OT c.c. 
of whole horse serum was added to the bath, whether the animals were 
Sensitized to albumin, globulin, or serum; this was more convenient and 
economical of material. The muscle bath contained 120 c.c. of Hinger-Locke’s 
solution: temperature was maintained at about 37° C. by the burner and 
copper rod figured by Dale & Laidlaw [1912], After several hundred experi- 
ments in which Ringer solutions were used with the normal and half the 
normal quantities of calcium at different times [see Dale, 1912], a preference 
for the latter was established and this has been used throughout the latter 
half of the work. ! 


Resttuts 

Absorption of globulin and albumin from the intestine 

The highest possible level in the small intestine was chosen as the site of 
injection, since during life there would be little chance of undigested protein 
reaching the lower levels, owing to the ample provision of digestive enzymes. 
If it could be shown that protein could pass through the upper part of the 
small intestine when introdnced artificially, then it might he conceded that 
this process may occur- under more normal conditions. The protein was 
‘dissolved’ in normal saline, no attempt being made to bring the globulin 
mto more complete solution by means of alkali. In these and subsequent 
ex^nments no volume of fluid greater than 1-0 c.c. was injected into int^tine 
or blood vessels unless otherwise stated. Injection was made into the first 
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giving the reacting dose by intracardiac injection into the unanaestlethed 
animal, and concluded that the symptoms of shock shown by the animab aie 
somewhat unreliable. If death occurs in a few minutes there can be little 
doubt, but short of this, misleading conclusions may be reached m many cases. 

For the quantitative experiments which were planned in the present work 
it seemed that the sensitized animal could be used to greater advantage by 
employing females -only, removing one uterine horn and then injecting the 
protein. While absorption was tal^g place the first horn could be tested for 
sensitivity by the method of Dale [1912]. The second horn could then be 
removed after an appropriate interval and similarly tested. This method^has 
the disadvantage that only females can be used, but the much greater ad- 
vantages that the initial sensitivity or otherwise of the animal is established, 
and that the response of the isolated uterus is more reliable than are the 
symptoms of the whole animal. 

Material and methods 

Horse serum albiunin was crystallized by the method of Young [1922], twice 
washed and twice recrystallized by the method of Adair & Eobinson [1930]. 
The crystals of albumin were drained as completely as possible on porous 
tiles, dried over sulphuric acid and ground to powder. The ammonium s 
phate content of the alb umin preparations varied from 11 to 16%. 

Wliole globulin was used, since the work of Svedberg & Sjogren 
shown that euglobulin and pseudoglobulin are very unhomogeneous in so n ^ 
and are artefacts derived from the parent globuh’n. The globulin was 
by precipitation from serum by the addition of an equal volume of sat^ ^ 
ammonium sulphate. After filtration for 6-6 hr. the globuhn precipita 
dissolved in a volume of water equal to half that of the serum us ■ ^ 
equal volume of ammonium sulphate was added and filtration was 
out after 5—6 hr. The globulin was precipitated and redissolved our 
in aU, then the precipitate was drained on tdes, dried and groun 
ammonium sulphate content of some of the globulin 
higher than that of the albmnin, and to avoid large differences w 


were 


involve troublesome calculations in dosage, aU globulin Those 

rejected which had an ammonimn sulphate content higher than o 
preparations which were used contained 12-20% ammonium spa , 
'allowance for the salt content had to be made, the 
content of both albumin and globulin was taken to be /«’ ^ ® 
close approximation. All figures for the albumin and glo o® solphatc 

are the weights of the dry powder, and no account of the in- 

is taken unless specifically stated. Sensitization was by m ap 
jection of 2 mg. albumin or globulin in 0-1 c.c. 0-9% Na . 

2-4 weeks, usually 19-21 days, was allowed in the case of g 
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desensitization "ffas effected when the dose of protein was above 4-0 mg./lOO g. 
body weight, hio symptoms of anaphylactic shock were observed in any 
experiment.^ 

t.htv 3. ATiimnU ECTsitized bv albumin. Albumin injected into the portal blood 


mg. albumin 
per 100 g. 

0- 5 

1 - 0 
2-0 


Keaction of 
2nd bom 


*mg. albumia 
per 100 g. 

• 1-0 

5-0 

erO 


Reaction of 
2nd horn 


Desensitizat{o7i of the ghbidin-sensitized miimal by globulin 
injected into the portal circulation 

This series was started, as in the case of the corresponding series with 
albumin, by injecting a small amount of globnlin into the mesenteric vein 
and gradually increasing the dose in succeeding experiments. In these animals 
severe shock, sufficient to cause death in 3-5 min. after injection of the 
protein, was met with for the first time. After the death of three animals, as 
recorded in Table 4, it was clear that though the whole dose'might be given 
in one injection without a fatal result, there was a grave risk of death, and 
attempts were made to reduce this riisk by spreading the dose over two or 
three injections. This was first done by giving a small amount of protein after 
removing the first horn, waiting 5 min., and then injecting the second. The 
third injection, in which the remaining protein was ^ven to bring the whole 
amount to the desired total, was given 1V2 hr. later after anaesthetizing the 
animal and reopening the abdomen. Guinea-pigs stand a second operation 
very well, and even a third if necessary. IVhen it was thought that an initial 
dose of 1-0 mg./lOO g. could be safely given without shock, twq animals given 
this amount died with typical symptoms, gasping respiration and passage of 
urine, 3 min, after the injection. The results to this stage are given in Table 4, 

XcKKE 4. Animals sensitized by globulin. Globnlin injected into the portal blofe 

mg. globulin per 100 g. Reaction 
— — '■ . of 2nd 


Irt 

2nd 

Total bom 

Bemarks 



10 

reaction of ftnimnl 

. 


2-0 

Xo reaction of ATiimnl 

• 


2-5 

No symptoms in. one animal; tlie other died in shock 
4 min- after injection 



3-0 

No reaction 

1'75 

1-75 

3-5 

Irt bom remoTed: Ist injection given: severe symptoms 
2nd mjection S min. later. Good tecoverv 

1-5 

1-5 

4-5 -r - 

let bmns removed. Globnlin given in three injections at 
o num interv^ Severe shock in both animals after 
1st injection- Good recovery 

1-0 

1-0 

■ 

7-0 - - 

injection ^ven. Xo reaction. 
Given 2ud mjection 14 hr. later. Xb reaction 

Severe _abo^ and death of both animals about 3 min. 
after mjection , 
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oop of the duodenum, 'about 4 cm. from the junction with the pylorus, and 
3|— 4 hr. were allowed to elapse before the second horn was removed. Ho 
attempt was made to ensure that the stomach was empty; th^experiments 
were all performed in the morning, and the animals had not been fed since 
the previous afternoon. Earperiments on the absorption of albumin and 
globulin were carried out concurrently, and as the work progressed it waS 
found not only that the animals could be desensitized by the absorbed protein, 
but that desensitization was effected at exactly the same level in the two 
series. No symptoms of anaphylactic shock were observed in any of these 
animals. In Tables 1 and 2 it is showm that 6'0 mg. of each protein per 100 g. 
body weight were required to desensitize the animal; below this level a 
response was stall elicited from the second horn. Each sign (+ or — ) gi’^os 
the result of a single experiment; the + sign indicates a response of the 
second uterine horn to the antigen, and the — sign no response, or desensiti- 
zation. 


Table 1. Animala sensitized by globnlin. Qlobnlin injected into the duodennm 


mg. globulin 
per 100 g. 

4-0 

6'0 

6-6 


Reaction of . 
2nd bom 
4 - 

+ + + + + 

+ + 


mg. globnlin 
per 100 g. 
60 
7-0 
7-6 


Reaction of 
2nd horn 


- - + 


Table 2. Animals sensitized by albumin. Albumin injected into the dnodennm 


mg. albumin 
I)er 100 g. 
6-0 
6-6 
6-0 


Reaction of 
2nd bom 

+ + + 

+ + -.+ 

+ 


mg, albumin 
per 100 g. 
7-6 

ion 


Reaction of 
2nd hom 

+ — 

- + - - 


t 


Though the same amount of albumin and globulin per unit of body weigb^ 
was required to desensitize the second uterine hom in the albumin- 
globulin-sensitized animal respectively, it could not be said that the lAro 
proteins were being absorbed at the same rate unless the same quantities o 
protein were necessary in the two animals when the antigen was m o u 
directly into the portal circulation. It was to be expected that the 
of protein required to desensitize would be higher when injected mto 
intestine than when given into the blood ; the alteration of some of the pro 
in the gut was almost inevitable. This problem was first studied in the gmn 
pig sensitized by albumin. After removal of the first hom, albumin m 
saline was injected into the large vein which runs along the 
the point where the small intestine enters. Cessation of bleeding 
puncture was usually rapid; the intestines were then returned to e a 
minal cavity and the wound was sewed up. The second hom wm ^ 
sensitivity 1^2 hr. later. The results are given in Table 3 an b ow 
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tte first tom vras lemoved, subsequently to be tested for sensitivity; the 
globulin Tvas then injected into the mesenteric vein. In the first two experi- 
ments 2-5 mg. globulin pet 100 g. were given in the second injection; sur- 
pnsingly, severe reaction occurred in one animal; in neither was the second 
horn desensitized when the animals were yiled 11 hr. later. In three suc- 
ceeding experiments, in which in the preliminary injection into the gut 5'0 mg. 
globulin per 100 g. were also given, 6*0 mg./lOO g. were injected into the 
mesenteric vein. In two animals severe shock and death occurred 4—5 min. 
after the injection into the blood, and in neither was the uterus desensitized; 
the first uterine h^m of the third animal was found to be insensitive, and in 
this experiment no symptoms of shock were observed on injection of the 
protein; this shows that a large dose of globulin into the mesenteric vein is 
toxic only to an animal appropriately sensitized, a conclusion subsequently 
home out by the results of experiments in which even larger amounts of 
glohuhn were injected into the portal blood of animals highly sensitized to 
albumin: in these, as in the non-sensitive guinea-pig injected with globulin, 
no reaction occurred. 

A consideration of the results at this stage led inevitably to the conclusion 
that the liver of the globulin-sensitized animal must possess a very great 
capacity to absorb globulin presented to it in the portal blood, and the experi- 
ments were continued in wbicb globulin was injected into tbe animal only by 
the mesenteric vein, in the certainty that, if the extreme sensitivity of the 
animal could be overcome by graded injections, ultimately tbe protein must 
pass the liver and desensitize the uterus if the total dose was high enough. 
Since it was known that a small dose of globulin given by tbe portal route 
was quite unable to desensitize tbe ntems, it was thought proper to make tbe 
first mjection before removing tbe first horn, and this procedure much facili- 
tated desensitization without shock. The first small amount of globulin was 
acting wHle the first horn was being removed; when this bad been done, a 
second injection was given and these two injections could be made while the 
intestines were exposed for little longer than was required for the ordinarr 
operation of removing the first uterine horn. The wound was then sewed up 
and the animal was again anaesthetized 1^2 hr. later, when the third and 
final mjection was given. iSo reaction was observed after any injection and 
deseusitization was effected by tbe very large dose of 20 mg./lOO g. The 
Insults are given in Table 5. 

The fact that at least three times the amount of glohdin required by tbe 
mtestmal route to desensitize tbe uterus must be given when tbe protein is 
injected into the portal blood may be explained either by supposing that 
^obulin in the intestine is absorbed not as globulin, but as a protein wbicb 
IS reduced in molecular size yet is antigenicaUy mdistingnishable from globulin 
or that globulin is absorbed from the intestine nncbanged, but after'" passm<^ 
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and show that no desensitization of the second hom was effected by tie 
maximum dose then reached, 7*0 mg./lOO g. 

The remarkable finding that a globulin-sensitized animal wa^ not desensi- 
tized by an injection into the mesenteric vein of an amount of globulin wbicb 
would desensitize if given by the intestinal route, coupled with the tendency 
of these animals to die in severe shock after the intravenous injection, sug- 
gested that the paradox was not a true one, and was due to the comparatively 
crude attempts at desensitization when the protein was injected into the 
blood. It will be recalled that desensitization of the globulin-sensitized animal 
by globulin injected into the intestine was effected with no symptoms of 
shock; this was due presumably to the steady slow absorption of the protein, 
quite different from the sudden influx of the most carefully graded injections. > 
It was argued that the effect of injected antigen on some sensitive cells in the 
wall of the liver vessels might cause severe spasm of these vessels and s6 slow 
down the blood flow through the liver as to allow time for the injected globulin 
to be absorbed and inactivated, if not digested, by cells in the liver. It is 
well known that the liver can metabolize amino acids, and it was possible 
that it might be highly active towards whole protein and change it in such a 
way that, if sufficient time were allowed, the antigenic power of the protein 
would be abolished. It will be shown subsequently that there is such absorp- 
tion and inactivation by the liver of albumin injected into the portal circu- 
lation. That the liver must play a more important part than has yet been 
realized, in the events which follow the injection of the reacting dose of pmtem 
into the sensitized guinea-pig, is clear from the death of some of these anuna 
which resulted from the injection of globulin into the mesenteric vein, without 
desensitization, of the uterus : presumably the antigen was held in the hver 
and some reaction took place there of sufficient severity to kill the anim • 

The question whether the failure to obtain desensitization of the uterus m 
the globulin-sensitized animal by a dose of globulin into the mesenteric v^ 
greater than that required by the intestinal route was due to spasm o 
liver vessels, was tested in the following manner. Into the duodenum w 
injected an amount of globulin which was knuwn to be just insufficien 
desensitize the animal (6-0 mg./lOO g.). It was thought that after some o ^ 
the protein would have passed through the liver in the portal 
though the amount was insufficient to desensitize the whole anima , t e 
would have received aU the protein, presented in minute amounts sprea 
a long period, and any sensitive cells there would have been comp ® 
sensitized: additional globulin, injected into the mesenteric vein, 
go quantitatively past the cells of the liver which were complete y sa ^ 
and desensitize the uterus and the whole animal. In these expenmen ^ 


weie auowea lut out? tt-uauxjjouju «jx viic 

of this time the animal was anaesthetized, the abdomen was reopen 


lesensitize tne uterus ana tne wnoie uuuuai. jux — x- 

allowed for the absorption of the globulin from the 
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for albumin. In. these experiments the animal vras anaesthetized and the first 
uterine horn "was removed; the abdominal vround vras then closed and an 
incision was made in the neck; protein was then injected into the jugular 
vein. In the two series of animals increasing amounts of protein were given 
until the level of desensitization was established. Each animal sensitized to 
albumin received a single injection of albumin into the jugular vein, and, as 
in the case of the animals given the protein into the mesenteric vein, no 
symptoms of shock were observed even when sufficient albumin was given to 
desensitize the animal. Interaction between albumin and the sensitive cells 
of the albumin-sensitized animal takes place without shock. Reactions of 
varying severity, in two cases causing death, occurred when the animals 
sensitized to globiilin received this protein into the jugular vein. Globulin is 
therefore toxic to animals sensitized by it, whether the globulin is injected 
into the systemic or portal circulations. Globulin injected into the jugular 
vein, however, was much more effective in desensitizing the plain muscle of 
the globuhn-sensitive uterus than globulin injected by the portal vein. The 
results are given in Tables 6 and 7 and show that the amoimts of protein 
required to desensitize the albumin- and globulin-sensitized animals are very 
similar when given into the systemic circulation; if reference is made to 
Table 3 it will be seen that there is a large absorption of albumin by the liver 
of the albumin-sensitized animal, twice as much protein having to be given 
by the mesenteric as compared with the jugular route to desensitize the uterus. 


Table 6. Animals sensitized by albumin. Albumin injected into the jngulaT vein 


mg, albumin 
per 100 g. 
0-26 
0-5 

0- 76 

1 - 6 


Reaction of 
2nd hom 

+ + 

+ + + 

+ + + 

+ 


mg. albumin 
per 100 g. 

20 
2-5 
. 3-0 


Reaction of 
2nd hom 

+ + 


Table?. Animals sensitized by globulin. Globulin injected into the jngukr vein 


mg. globulin, 
per ZOO g. 

Reaction 
ol 2nd 
hom 

let 

Total' 

0-25 

0-6 

+ + 

0-76 

+ + + 


1-6 

+ 

0'25 

1-5 


0-5 

1-6 

^ _ 


20 

_ 

0 33 

2-0 

_ 

• 

2-6 

— 

05 

2-6 



Remarks 

All injections under ether, li-2 hr. between mjeotions 
Animals kill^ IJ-Z hr. after (final) injection 
One animal died in shock 3 min, after injection 
Two animals showed moderate reaction after let injeotion 
No reaction 

Moderate reaction after Ist'injection 
No reaction 
Moderate reaction 

Moderate reaction after Ist injeotion 

^ animals; third died in shook 3 min. 

Severe reaction after 1st injeotion, moderate shook after 2nd 


The very large absorptiou of globulin by the fiver of the animal sensitized 
to this protem was apparently due to the richness of the fiver tissues of such 
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Table 5. Animals sensitized by globtdin. Globulin injected into the portal blood 


mg. globnlin per 100 g. 

A 

( \ 

Reaction 
of 2nd 

' 

Ist 

2nd 

Total 

hom 

Remarks 

0-6 

1-0 

10 0 

+ + + 

let injection given, then 1st hom removed. 2nd injection 
giyen. Final injection after 2 hr. KiUed 2 hr. later. 
No symptoms of shook 

0-5 

1-0 

16-0 

4* + — 

As above, bnt volume of fluid used in final injeotionj 
was 1-3-2-0 c.o. 

0-6 

1-0 

200 

— 

2-0 o.c. given in final injections 


the mucous membrane eutera not the blood but the lymphatic system, thus 
by-passing the hver. Against the first view is the fact that the antigenio 
characteristics of proteins are quickly destroyed in the early stages of break- 
down. It seems, moreover, doubtful whether such consistent results would 
have been obtained in the experiments in which animals were desensitired 
by alb umin and globulin injected into the intestine, if absorption were de- 
pendent on enzymic breakdown. The crucial test of the second hypothesu 
would be injection of globulin into the intestine after hgature of the thoracic 
duct, not an easy operation to perform in the guinea-pig. In support of the 
second explanation, however, is the remarkable failure to desensitize the yer 
cells in those experiments in which globulin was introduced into the inters 
in amount nearly sufldcient to desensitize the whole animal: if the g o 
from the intestine entered the blood by way of the lymphatics ^d the thoracic 
duct, then the liver cells would not be preferentially desensitized, an ly 
an injection of glob ulin was given into the portal blood the liver cells img 
stiU be capable of such a profound reaction as actually occurred m^ 
animals out of the four tested. The explanation of the death of the ’ 

in these and other experiments in which the uterus was not desensitize ^ 

enough protein had been given by the portal route to kill them, n9411) 
in the .work of Dale, Dragstedt and others (for a review see Dra^tedt 
in which it was shown that a toxic substance, almost certainly histamin , ^ 
liberated from tissues in sensitized dogs and guinea-pigs following ^ ® ^ mxed 
dose of antigen. In our experiments recorded above in which dea 
presumably histamine was liberated from cells in the Hver. Even o g^ 
globulin was not in sufficient amount to pass this organ and esensi 
uterus, the Hberated histamine might enter the systemic circ 
cient quantity to cause death with symptoms very closely resem 
due to generalized anaphylactic shock. 


The absorption of albumin and globulin by the liver 

. , p liver of 

At this stage it seemed advisable to assess the capacity ■ .^^iether 

globulin-sensitized animal to absorb globulin, and also to ® miiiiea-pig 
Ly BpecUl affimty was stows, by the liver of the albaaon-seasstoed BO>«» P 
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gmnea-pig liad beea seBsitized by globulin, it was of interest to deter- 

TT>Tn p wbetlier tbe amount recpnjed by tbe intestinal route was also smaller. 
The results of the administration of ^obulin to serum-sensitized animals by 
bath routes are given in Tables S and 9 and show that tbe amount of globulin 
which must be injected into the intestine of the serum animal to desensitize 
it is less than one-tenth of that needed by the globulin-sensitized animah As 
might be expected when such small amounts of protein were being used in a 
biolo^cal test of this nature, the results were not sufficiently clear to afford 
evidence in the serum-sensitized animal as to whether globulin after absorption 
enters the blood capillaiies or the lymphatics, and it is doubtful how much 
signfficance must be attached to the two experiments in which desensitization 
was effected by 0-05 mg. protein per 100 g. given into the duodenum, a level 
at which desensitization was not effected when the globnlin was injected into 
the portal blood. 

SriEJIABT OF PxBT 1 

1. The absorption of horse semm and of albnmin and globulin &om the 
mrestine of sensitized guinea-pigs has been investigated. The quantity re- 
qnired to desensitize an animal when the protein was injected into the in- 
testine was compared with that needed when the protein was introduced 
&Ectly into the portal blood of another animal. The reaction of the isolated 
uterus was the criteriou of desensitization. 

2. It is shown that the three proteins, or substances which are antisenicallv 
^^distinguishable from them, may be absorbed from the intesiine, 

3. Animals sensitized by albumin require a greater qnantitv of albnmin to 
be introduced into the intestine to effect desensitization than is needed when 
the protein is injected into the portal blood. The reverse was found when the 
fesnsitization of the globulin-sensitized animal was effected hv globulin. 

A Tbe larger quantity of glohuhn necessary to desensitize tbe globulin 
ammai when given into the portal blood, compared with that necessarv bv 
Ac iatestinal xonte. has been attributed to fixation of globulin hv the sensi- 
tized liver. 

5. Albumin, must be injected into the portal blood of an albumin-sensitized 
animal in approxunately twice the amount required with injection into the 

to desensitize the uterus; but it is shown that fixation of albumin 
hj the liver of such an animal is much less than that of globulin by the liver 
Oi. the globulin-sensitized gumea-pis. 

6. ration of globulin by the livers of sensitized animals appears to be 
netennined by’the type of antibody present in the cells. 
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an animal in globulin antibody, and not to some special cliaracteristio of 
glob ulin itself. This was shown by injecting globulin by. the portal route iuto 
animals which had been sensitized by an intraperitoneal injection of 0-1 c.c. 
of whole horse serum 2-3 weeks previously. This series was started by giviug, 
in graded doses, amoimts of globulin approaching those found necessary to 
desensitize the globulin-sensitized animal. All the early results showed de- 
sensitization of the uterus, and the amount was gradually reduced until it 
was foimd, not only that globulin passed through the hver of the serum- 
sensitized animal with remarkable ease, but that the total quantity required 
to desensitize such an animal was less than one-thirtieth of that needed by 
the globulin-sensitized guinea-pig when the protein was given by the portal 
route, and about a third of that required by the globulin-sensitized 
when given by the jugular vein. Desensitization of the serum-sensitiz 
animal was effected by such small amounts of globulin given by the poi^l 
route, that it did not seem worth while to perform any experiments in whic 
the protein was given by the jugular route: if there is any absorption o 
globulin by the hver of the serum-sensitized animal it probably Bes ™ _ 
the limits of experimental error of the method. Another fact of interest 
emerged as these experiments proceeded was that desensitization must ave 
been effected by the small initial amormt of protein used when a large quan y 
was given by graded doses, yet no symptoms were observed. 

Since the serum-sensitized animal required so small an amount of g o 
given by the portal route to saturate the receptive cells as compared wi 

Table 8. Animnla sansitiied by serum (2-3 weeks). Globulin injected into the porta 


mg. globulin per 100 g. 

Reaction 

r * ^ 

of 2nd 

1st 2nd Total 

horn 


0-6 

1-0 

12-6 

- 

0-6 

1-0 

100 

— 

0-6 

1-0 

7-6 

— 

0-5 

1-0 

4-0 

— 

0-6 


1-6 

- 



0-6 

+ 



0-26 

+ 



0-1 

0-05 

+ + - 
+ + 


Remarks 

No symptoms of shook in any animal Animals 
11-2 hr. after (final) injection -moved, 

lat mjeotion of globulin later 

2nd injection given. Final mjection 11-z m. 
[njections as above 

[njectioDfl bb above “ 

1.. gi-i ““ ‘■1”““ 

2 hr. later . . 

Ist horn removed. Globulin mjeoteu 
1st horn removed. Globulin injeoteu 
Ist horn removed. Globulin injected 
[gt horn removed. Globulin injected 


Table 9. Animals sensitized by serum (2-3 weeks). Globulin injected in 


mg. globulin 
per 100 g. 
1-6 
0-6 
0-25 
0-1 
005 


Reaction of 
2nd horn 

1 

h 

+ + + 

+ + - 
+ - - + 


Remarks 

Animals killed 3i-4 hr. after injection 
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.mmals caused tlie deatt in stock of some, A^kile otters receiving tte same 
lose vere unaffected, ttongt tte first, uterine toms appeared equally sensitive, 
[he same tting was noticed in otter series wtict will be described later and 
eferred to in tte discussion. Except when injecting the smallest qnantiti^ 
>f semm into tte portal blood of the globulin-sensitized animal, the protein 
iras given usually in two doses, tte first after removing the first tom, tte 
second 1^2 hr. later; the animals were killed 1^2 hr. after tte second in- 
jection. Tte amount of serum required to desensitize was found to be so small 
that in order to get below the TninininTTi dose, rathe! Large animals were used 
and these were given 0"01 c.c. of serum, tte smallest quantity which could be 
measured with any degree of accuracy; from the nature of the problem under 
investigation any use of diluted serum was prohibited. This accounts for tte 
somewhat curious doses per 100 g. body weight given at tte minimnm levels. 
The results are given in Table 10, and it will be noted that death in shock 
occurred &om even 0-01 c.c. of serum, also that 0-0075 c.c. of serum per 100 g. 
is as effective in desensitizing as 0-1 c.c., or fourteen times as mnet : at no 
point above the minimuTn, up to the maximum dose given, was semm always 


Tabix 10, sensitixed by globulin. Serum injected into the portal blood 


cj :. Eennn 

per 100 g. Reaction 

I , of 2nd 

let Total ham 


(Ktl 

0-10 

(K)l 

0-075 

(HW75 

0d)6 


005 

. 

0K)5 

0-0075 

01)32 

0-0075 

002 

. 

0-0075 . — r — 

. 

0-0029 

- - 

0d)023 

. 

00020 

. 

0K)0-22 - 


Reioarts 

1st injection given after removal of 1st horn. 11—2 hr. between 
injections. .Animals killed 11-2 hr. after (final) injectioa 
1st injection caused severe reaction in one anirnnl, moderate 
in others. Ho symptoms after 2nd injection 
Ho reaction in any animal 
Ho reaction in any animal 
Ho reaction in any animal 
Death 3 min. after injection 
Death 3 min. after 2nd injection 
lloderate reaction in one animal after 2nd injection 
Ho reaction 

The last five animals received 0-01 c.c. semm. The last animal 
died in shock 3 min, after injection 


Tabix 11. Animals sensitized by semm (2-.3 weeks). Seram injected into the portal blood 


c,c. Eenrm 

per 100 g. 

Reaction of 
2nd hom 

1st 

Total 

001 

0-05 


OOl 

0^)35 

— ^ 

0005 

002 




0-015 

— 


0*0075 

. 

. 

00075 

— 


00025 

— 

. 

0-0023 

_ 


0-0018 

— 


Remarks 

1st injection given after removal of 1st hom. 11-2 hr. behreen 
mjections. Animals kffled li-2 hr. after (fini) injection 
Severe reacti^ in one annnfU. after 1st injection. 

Xo reaction in any aoimnl 
Xo reaction in any Anima^ 

Death 5 min- after injection 

^och and death in 5 min . 2nd hom not examined 

Xo reaction 

The last three animals received 0-01 C.C. semm. Ho reaction 
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PAET 2. ANTIGENIC CHAEACTEEISTICS OF BLOOD SERUM 


1. Serum as a desensitizing antigen 


Nearly forty years ago Hardy [1905] performed experiments which threw ^ 
doubt upon the dual nature of the protein of blood senun. Having shown that ^ 
there was no movement of protein in serum when a current was passed ' 
through it, Hardy concluded that alkali-globulin could not be present in j 
serum: further, serum could pass through the pores of a clay cell which ^ 
retained globulin. Biardy was therefore of the opinion that globulin is not 
present in untreated serum, and suggested that some complex protein breahs' ' 
up to yield globulin when serum is diluted or precipitated by salts. Since then, ^ 
so much work has been carried out on the albumin and globulin of blood ^ 
serum, particularly in relation to their still further subdivision, that the ^ 
significance of Hardy’s original work has been rather lost to sight. A difficulty ■ 
which was apparent imtn recently, the implication that in the break-up of 
serum protein to yield globulin a larger molecule results, has been met by the 
work of Svedberg & Sjogren [1930], in which it was shown that when globulin 
breaks up into euglobulin and psendoglobulin very large particles are formed. 
Macfarlane [1936], as a result of ultracentrifuge experiments, concluded th^ 
serum is unhomogeneous as regards particle size, and while globulin may 
present it is not possible to regard the lighter molecular fraction as identic 
with isolated albumin. The question seems to be incapable of direct proo 
any chemical process and even dilution breaks up the supposed serum protem, , 
but it was thought that an investigation into some of the antigenic properfaes | 
of blood serum might throw light on the problem. The remarkable affimiy o i 
globulin of cells in the liver of the globulin-sensitized animal gave a means j 
approach, by determining the amount of serum required to desensitize w ® 
given by the portal route and comparing this with the globulin conten 
serum as found by analysis. When the literature on the latter point 
suited, wide discrepancy was foimd in the figures for the albumin and go 
content of horse serum, and though the horse is usually considered to e 
of those animals in which the globulin exceeds the albumin in ^ 

all authors were in agreement upon this. In work of the nature of t a 
imdertaken it was desirable to discount small differences and ^ ° 
figures : it was assumed therefore that 8 g./lOO c.c. would represent t e gr 
amount of total protein which would be present in any sample o ome 
and that the albumin/globulin ratio does not differ significantly ^ £ • 

i.e. 0-1 c.c. of serum contains not more than 4 mg. of albumm an m 


globulin. 


Desensitization by serum of animals sensitized to globulin 
As in the case of globulin-sensitized animals receiving globulin m^^ 
mesenteric vein the injection of serum by the same route in s ar y s 
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in an animal aftnt the first injection, the initial dose vras reduced and de- 
sensitization uras then effected rvithout difficulty in a number of experiments 
until a particularly sensitive animal made farther reduction advisable. It vrill 
be seen from Table 14 that the second uterine horn was regularly desensitized 
until the level of globulin was below the mi nimnm found necessary when 
globulin alone was injected into the jugular vein, and even at the low level 
of 0-5 mg./lOO g. only two animals out of five were stiU sensitive. It would 
seem that the presence of albumin not only allows globulin to pass freely 
through the liver of the globulin-sensitized animal, but actually reduces some- 
what the amount of globulin required to desensitize a given weight of tissue. 
If the border-line of desensitization by the two proteins combined is taken 
t 0-5 mg. of each protein pet 100 g., a level which is certainly not too low, 
nd the usual allowance is made for the salt content of the protein, there is 
dose agreement with the albumin and globulin content as found by analysis 
)f serum at its TninimuTn desensitizing level in the globulin-sensitized animal. 


Tabu; 14. Animals sensitized by globulin, ilisdnre of albumin and globulin 
injected into the portal blood 


mg. albumin 
and ^obulin 
pet 100 g. 


Irt 

2nd 

Total 

0-5 

lO 

4-3 

0-23 

0-75 

4-0 

0-25 

, 


0-15 

0-8 

40 


, 

3-0 

0-15 

0-8 

30 

0-15 

0-6 

2-0 

005 

0-1 

2-0 

0-15 

. 

1-0 

005 

0-1 

1-0 

005 

0-1 

0-5 


Reaction of 
2nd bom 


Remarks 

Irt injection riven. 1st bom removed. 2nd injection 
given. Final injection after 2 hr. Animals kftled 
li-2 hr. after finrf injection 
Severe reaction in one animal after Irt injection 
JTo reaction 

Shock and death in 3 min. 2nd horn not examined 
Xo reaction 

Severe reaction, but good recovery 
Xo reaction 
Xo reaction 
Xo reaction 

Severe reaction- Good recovery. 2nd injection 2 hr. later 
Xo reaction 
Xo reaction 


Desensifizaiion by serum of the animal sensitized to albumin 

The efficacy of serum as a desenaitiztng agent when introduced into the 
portal blood was investigated in a series of animals sensitized by albumin 
with a view to discovering whether this desensitization might be accounted 
for solely on the known alhumiu content of serum. It was anticipated that 
the discrepancy would be even greater than in the case of the globulin animal 
desensitized by serum, since, unlike the latter animal whose isolated uterus is 
not responsive to albumin in vitro, there is often, but not invariably some 
leaction when 5 mg. of globulin are- placed in the bath containing the isolated 
uterus sensitized to albumin. Though no cross-reaction was found m vivo when 
the albnmm-sensitized annual was injected with globulin (Table 13) the ex 
periments made tn vitro suggested that there would he a'greater tendency in 



386 


L. B. WINTER 

effective. Where failure "to desensitize occurred, there was no doubt on the 
matter, a large response was obtained when the antigen was added to the 
bath. The same phenomenon was observed in the corresponding series where 
serum-sensitized anipials received injections of serum into the mesenteric vein. 
No explanation can be offered as to why serum is haphazard in its action as 
a desensitizing antigen. 

If the border-line do^ of globulin required to desensitize a globulin animal 
when given by the portal^oute is taken at 15 mg./lOO g., and it is possibly even 
higher, and allowance is made for the 15 % of ammonium sulphate in the glo- 
bulin used, and the figurelis then compared with the globulin content of the 
amoimt of serum used fon desensitization at the minimal point (0'0075o.c./ 
100 S-)> It® ratio is rather neater than 40 to 1. Doubt was at once thrown on 
the presence of globulin in sferum, but it was possible that albumin in senun 
might be a desensitizing agent in the globulin animal. Though experiments 
had shown that uterine ho®s of globulin-sensitized animals showed no re- 
sponse when 10 mg. of albumin were placed in the bath it was possible that 
there rmght be some action in vivo. Animals sensitized to globulin were 
therefore injected with^ albumin through the mesenteric vein, and others 
received the protein into the duodenum. The converse experiments were per- 
formed about this time and may conveniently be taken here; albumin-sensi- 
tized animals were given globulin by the portal and intestinal routes. As is 
shown in Tables 12^ and 13, there were no cross-reactions. Though it was now 

Table 12. Animals sensitized by globulin. Albumini njected into tbe portal blood and dnodennw 
mg. albumin Reaction of 

per 100 g. 2nd bom Remarks 

O-O Injection into portal blood. No reaction. Animals killed 

2-3 hr. later 

. 6’0 + - 1 - -t- Injection into duodenum. Animals killed 4 hr. later 

Ta bt.'r 13. Animals sensitized by albumin. Globulin injected into the portal blood and dnodenum 
mg. globulin Reaction of 

per 100 g. 2nd horn Remarks 

8-0 4- + + + Injection into mrtal blood No reaction 

0-0 + + Injection into duodenum o.n o o 

16'0 + + Injection into duodenum. Volume of injection flmd was 

clear that neither globuliu alone, nor albumin alone, could accoimt for th 
desensitizing power of serum for tbe globulin animal, the possibility remain® 
that these two proteins in conjunction might effect what neither could 
out' singly. Animals sensitized to globulin were therefore injected wi 
mixture of albumin and globulin (‘synthetic serum’) by the portal 
The proteins were mixed each day and dissolved in normal saline, the 
concentration being 10 mg. of each protein per c.c. Graded 
used, the first being given before, the second after removal of the 
and the third about 1^ hr. later. When death or severe symptoms occ 
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protein ^as given into tiie portal blood. Tbe series already recorded (Table 3) 
Tvas adequate for tbe pnrpose vrben tbe experiments rvere performed, but, m 
order to compare tbe action of synthetic serum rdtb albumin alone in tbe 
albumin-sensitized animal, a greater number of results vras desirable at tbe 
border-line. Tbe extension of these experiments is sbovm in Table 16, and it 
w31 be seen that there is no material Sfference, tbe border-line still standing 
at 4*5 mg./lOO g. 


Table 16. AT-imnla eeimtized by albumia. Albntmn injected into the portal blood 


mg. albumin per 100 g. 

3- 0 

4- 0 
.50 


Reaction of 2nd bom 

-r + 4- + 

4* T ~ 


Tim.r 17 . Animab sensitized by albumin. Synthetic serum injected into the portal blood 


I 




mg» albumia and globulin 
per 100 g. 

»' V Reaction of 


Irt 

2nd 

Total 2nd hom 

Rcmarhs 

Method of injection as in Table 16 

0-1 

0-82 

4-0 

ICo reaction 


3-0 

Death in shock 3 Tnin, after injection 

, 


3-0 

Severe reaction, bnt good recovery 

0-lS 

0-62 

3-0 

Ko reaction 

0-15 


3-0 

Severe reaction after 1st, none after 2nd injection 

0-1 

, 

2-0 

Xo reaction 


Tbe experiments with syntbetic serum (Table 17) sborr that tbe border-line 
is 3-0 mg. of each protein per 100 g., enfdciently below that iritb albumin 
alone to indicate that tbe globulin did perceptibly augment tbe desensitizing 
action of tbe albumin. Tbe influence of the gjobulin, however, was much more 
definite in tbe production of anaphylactic shock, to which the albumin animals 
irere subject when injected with tbe syntbetic sermn, but not at aU when 
injected with globulin or albumin alone. Calculation shows that, in tbe 
albrnnin animal, natural serum is also perceptibly more effective in desensiti- 
zation than can be accounted for by its content of albumin and globulin; but 
tke difference is small. Altogether, tbe effect of globulin, in enhancing tbe 
desensitizing action of albumin by tbe portal blood on tbe albumin-sensitive 
animal, is fax less than that of albumin in enhancing tbe desensitizing effect 
of globulin by tbe same route on tbe globulin-sensitive animal. To determine 
u-fietber tbe globulin in syntbetic serum merely abolishes tbe capacity of tbe 
liver cells to absorb albumin, five experiments were performed in which syn- 
tlietio setum in graded doses was injected into tbe jngnlar vein of albumin- 
sensitized animals, at tbe level of 2-0 mg./lOO g. In two of these tbe second 
bom was still sensitive; and comparison with Table 6 wfll show that in tbe 
albumin animal tbe presence of globulin does bttle to reduce tbe absolute 
amount of albumin necessary to desensitize tbe tissues. 


25 
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tliis direction than when the converse experiments with globulin-sensitized 
animals were performed. Such was not discovered: there was found to be a 
greater desensitizing action on the albumin animal by serum and by a nurture 
of albumin and globulin than could be accounted for on the albumin content; 
but the influence of the globulin was much less marked, quantitatively, than 
was that of the albumin in the converse experiments. The results in this 
series are given in Table 16. Qualitatively, the action of serum, or of a mixture 


Table 16. Animals sensitized by albnmin. Serum injected into the portal blood 


c.c. serum per 100 g. 


1st 


0-016 

0-0076 

0-016 

0-016 

0-016 

0-0076 

0-0076 

0-003 


2nd Total 


0-016 


0-016 


Keaotion 
of 2nd 
bom 


0-0076 0-016 


0-076 

0-06 

0-06 

0-042 

0-042 

0-042 

0-042 

0-042 

0-036 

0-035 

0-036 


+ 


+ + 
+ + 
+ 


Remarks 

When two injections given, 1^2 br. interval. When three injec- 
lions, Ist and 2nd given immediately before and alto lemoval 
I'of 1st bom. AnimnlR killed 14—2 hr. after final injection 
^o reaction 
o reaction 
b reaction 
o reaction 

Death in shook 4 min , after 2nd injection 
Death in 3 min. 2nd bom not examined 
No reaction j 

Severe reaction after 1st injection; good reoov^. m 
reaction after 2nd injection. Normal -when killed 3 ^ . 
Severe reaction after 1st injeotion; good recovery, 
and death 3 min. after 2nd injection 
Severe shook in both animals; death in 3 mm. 

Moderate reaction in one animal 
No reaction 


of albumin and globulin, on the albumin-sensitized animals was very diffeien 
from that of albumin tJone. While no death occurred, or even any sign o 
shock, -when the albumin animal was desensitized by a single injection o 
albumin, the use of serum or ‘synthetic serum’ was found to be dangeroM ^ 
the animal and desensitization had to be attempted by graded doses. ^ ^ 
with the utmost care and the use of a very small initial dose, death ocourre 
in a number of cases when serum was injected : ‘ synthetic serum was Ims to 
The border-line dose of serum necessary to desensitize was found to ^ 
0-042 c.c./lOO g. Below this level the uteri were still sensitive; in t e 
experiments above this level there was no failure to desensitize, bu^ 
observations would be required to make certain that serum does not s 
haphazard action in these animals as it does in those sensitized to 
to globulin. The amoimt of albumin necessary to desensitize an a 
animal, when given by the portal route, may be taken to be 3 mg. 

(from Table 3) after correcting for the ammonium sulphate: 0- c.c. 
should contain not more than 1-7 mg. albumin. There is t us a ^ 

crepancy in favour of serum, which might be attnbul^ to e 
globulin. Before starting to test the action of synthetic seruni 
sensitized by albumin, it was important to have more exact o 
to the amoimt of albumin required to desensitize these amma 
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Table 20. AT<;m«U sensitized br serum. Semm injected into the duodenum 

Reaction of 2ad hom Bemarts 

Animals sensitized 1&-20 days 

Animals sensitized 30-35 days 

Animals sensitized 15-20 days 

Animals sensitized 30-35 days 

j • Animals sensitized 30-35 days 

Animals sensitized 15-20 days 

corresponding to a globulin content of SI'S mg., whereas the serum animal 
(Table 9) was desensitized br 0-5 mg. globulin per 100 g. The rery marked 
difference shown by serum as a desensitizing agent when given by the in- 
testine, as compared with its action when injected into the blood, suggests 
either that the serum protein is a complex, in which albumin and globulin 
hare no independent existence, and tbat the cells of the intestinal mucosa 
will pass this complex protein only with dlfhcnlty, or that albumin and 
globulin, which together make a more efficient desensitizing agent than either 
alone when injected into the portal blood, impede one another in their passage 
through, the wall of the intestine. Interference might also he caused by the 
lipins in semm, delaying the passage of albumin and globulin through the 
intestinal mucosa, though this factor would not account for the great difference 
between the globulin and serum-sensitized animals, the latter, which required 
the smaller amount of globulin, needing the larger amount of serum in the 
intestine. The problem was first investigated in the globulin-sensitized animal. 
Serum was shaken three times with an equal volume of ether, the ether 
extracts were combined, measured, and portions were evaporated to dryness 
in a series of basins which thus contained lipins from a known amount of 
Eerum. Tor use, the lipoid residue was rubbed up with a measured quantity 
of normal salin^ which was added to that in which the albumin and globulin 
were dissolved- The mixture was then injected into the duodenum after re- 
moval of the fibrst uterine hom, and the animals were IdHed 4 hr. later. An 
amount of globulin was chosen which was more than sufficient to desensitize 
the glohnlin animal, and the same weight of albumin was also present: the 
®irtnre contained lipins from approximately 0-3 c.c. semm per 100 g., that 
amount of semm which was the border-line dose for desensitization. Prom 
Table 21 it will be seen tbat desensitazation was not effected, nor was it 

Table 21 Animals senirtized by globnKn. llirtmre of altranun and globtOin, 
with and wrthont lipms, injected into the dnodenmn 

ms. albumin and globnhn Reaction of 

per 100 g. 2nd hom Remarfa 

Protein and lipins 

• o lipins 

effected when the albumin and globulin were iajected without lipms; the latter 
can have contributed nothing to the result. Albumin seems to have an inter- 


C.C, semm per 100 g. 
1-25 
0-S5 
O-SO 
(H56 
0-33 
0-16 
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BesensitizaXion by serum in the intestine 
Serum having been shown, when injected into the portal blood, to de 
sensitize albumin and globulin animals at levels which could not be accountec 
for by its content of albumin and globulin respectively, it seemed advisabli 
to determine whether a similar phenomenon occurred when serum was in 
jected into the intestine, i.e. does serum desensitize an albumiu animal hon 
the intestine by virtue of the albumin content as given by analysis, an( 
similarly with globulin for the globulin animal, using for comparison tb 
figures given in Tables 2 and 1 ? After removal of the first uterine horn, semn 
was injected into the duodenum of these animals, which were kfiled abon 
4 hr. later. When a sufficiently large amount of serum had been given, de 
sensitization was effected, always without any symptoms of shock. Injeotioi 
of serum into the blood of both albumin and globulin animals may be followe( 
by severe shock and death, but evidently during the alow absorption of Berun 
from the intestine desensitization is sufficiently gradual to obviate an] 
symptoms. The results are given in Tables 18 and 19. In the case of the albumii 


Table 18. Animals sensitized by albumin. Serum injected into the dnodennm 


0 . 0 . soram per 100 g. 

0'60 

0-6 

0-33 

0-10 


Reaction of 2nd horn 

- + - - 

+ + 

- + -^ + 

+ + + + 


Table 19. AnimelB sensitized by globulin. Serum injected into the duodenum 


0 . 0 . serum per 100 g. 
0-66 
0-33 
0-16 


Reaction of 2nd horn 

- + - - 
+ - - + 

+ - + + 


animal it will be seen that the border-line dose of serum is about 0 6 c.c-j 
corresponding to 20 mg. of albumin. In Table 2 the niinimum dese^ 
dose of albumin by the duodenum is 6*0 mg., less than one-third. ^ 
that, while serum injected iuto the blood is a more efficient desensitizing 
than can be accounted for by its albumin content, the poation is re 
with injection into the intestine. A similar result was obtained w ^ 

and globulin were injected into the intestine of the globulin anuna , 
the difference was less marked. Here the border-line dose of serum 
0'33 c.c./lOO g., corresponding to a globulin content of 13-2 mg., ^ ® ® 
alone by the intestine desensitizes at 6*0 mg./lOO g. The desensiti^ o 
serum-sensitized animal by serum in the intestine was ® amount 
desensitization was effected without symptoms of shool^ u 
required was much greater than in the albumin and glo 
the discrepancy as regards the globulin was enormous. e noOg., 

Table 20 show that the border-line dose of serum is abou 
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feom the time of injectioii, i.e. at a time when the albumin, if acting inde- 
pendently, could not cause any response to this protein in the isolated uterus 
[Dale & Hartley, 1916]. Seven animals were given an injection of 2-5 mg. 
albumin and 2‘5 mg. globulin in 0*2 c.c. normal saline and were examined 
12-19 days later. The first uterine horn of each animal was removed and 
0‘5 mg. globulin per 100 g. was then injected into the mesenteric vein. One 
animal died in shock about 4 min, later. The others showed no symptoms, 
and received a further injection of globulin 14 hr. later, I'O mg./lOO g. A total 
quantity of 1'5 mg. globulin per 100 g. was chosen for these and similar 
experiments to be described later, since it was felt that any failure of this 
amount to desensitize the a nim als would be significant in differentiating the 
globulin from the serum type of animal (see Tables 4 and 8). No symptoms 
were observed, and the animals were killed about 14 hr. later. The second 
horns were in every case insensitive to 0-1 c.c. serum placed in the bath. The 
first horns had shown no response to 5 mg. albumin, but after changing the 
Einger’s solution gave large responses to 1 mg. of globulin. The uteri of the 
animals sensitized by serum and by synthetic semm are therefore, at this 
stage of sensitization, qualitatively identical; and the desensitization action 
on the two groups of globulin introduced through the portal circulation seemed 
also to be the same, with the exception that in the group sensitized by 
‘synthetic serum’ one died in anaphylactic shock, while none of those sensi- 
tized with natural serum has ever shown any symptoms following an injection 
of globulin. The conclusion seems inescapable that albumin and globulin given 
at the same time act in conjunction as sensitizing antigens to give rise to a 
sensitized animal apparently identical with one which has received serum, 
np to 19 days from the time of injection; the albximin in the animal receiving 
synthetic serum could not be shown to have influenced the isolated uterus, 
but it had influenced certain receptive cells, presumably in the liver, so as to 
allow a small amount of globulin to pass and to desensitize the uterus. 

Another series of animals was sensitized by albumin and globulin, 2-5 mg. 
of each protein, but the animals were kept for a longer period and were 
examined between the SOth and 35th days. The first uterine horns were 
indistinguishable from those of the previous series; there was no reaction to 
albumin, a large response to globulin. Differences, however, appeared in the 
reactions of some of the animals as a whole, as may be seen :from Table 23 
Two animals died in shock as a result of the second injection, even though a 
small amount of globulin had been injected hr. previously. Of the eleven 
animals which survived and which were killed 1^2 hr. after the final injection 
four were not desensitized. This suggests that the influence of the albumin 
given in the sensitizing injection had waned, and that these four animals were 
becoming like those sensitized to globulin alone. In tbe remaining seven 
animals tbe influence of tbe albumin had persisted, and these were indis- 
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fering action on the passage of globulin through the intestine of the globulin- - 
sensitized animal. This result became all the more difficult to explain whe 
it was found that a similar effect was not observed in experiments on th 
albumin and serum-sensitized animals. Lipins were not added, since the resu] 
of the experiments on the globulin-sensitized animals could not be attnbute 
to them. There was no interference when albumin and globulin togetht 
were absorbed from the intestine of the albumin and serum animals. Serm 
seems to behave as a unique desensitizing agent when operating from tl 
intestine. 


Table 22. Animals sensitized by albumin or serum. Miiture of albunun 
and globulin injeoted into the duodenum 

mg. alb umin 

and globulin Reaction, of 

per 100 g. 2nd ho^ Remarks 


7'6 H — Animals sensitized by albumin 

7-6 H Serum-sensitized animals {16-20 days) 


2. Serum as a sensitizing antigen 

Though the experiments described in the preceding section threw doubt o 
the separate existence of albumin and globulin in blood serum, none w£ 
conclusive. It remained to study the antigenic properties of serum from th 
opposite direction, and determine how far these might agree with tho£ 
exhibited by albumin and globulin together, when acting as sensitiM 
antigens. When an animal which has been given an injection of serum - 
becomes sensitive, the isolated uterus is responsive to globulin, not to albuiM 
this was shown by Dale & Hartley [1916], and was confirmed on the 
uterine horns of the animals used in Table 8. No reaction to 6 mg. a 
was observed, but if 1 mg. of globulin was placed in the bath ^ large, 
maximal, response was obtained. The uteri of these animals were thus m^ 
tinguishable, qualitatively, from those of animals sensitized by globulin, 
the animals thus sensitized by serum, at a stage at which only sensiriven 
to globulin was present, received an injection of globulin into the porta o ^ 
the animals as a whole were very different from globulin-sensitized anim ^ 
since they were readily desensitized, without symptoms, by a sma ^ _ 

globulin. The difference in the behaviour of the intact ammaJs sensitiz 
globulin and by serum respectively, the antibodies in whose ut^ ^^tvP^ 
sponsive only to globulin (or to serum, which causes a reaction in a ^ ^ 
but does not differentiate them), could only be attributable to the pres , 

albumin in the serum, either free or combined with globuUn to 
protein. Experiments were therefore performed to determine w et er 
sensitized by a mixture of albumin and globulin behaved like serum 
animals, both as regards the reactions of their isolated uton 
sensitiziag effect on them of injected globulin, when examine un 
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both as regards tie reactions of tlie isolated nterus, and tlie response of tie 
rrhole animal to injected globnlin, from tlie lotli to tlie 35tli day, tins differing 
sharply from the sensitized by a mixtnre of olbmnin and globulin 

rrhici is ‘unstable’. Experiments vrere undertaken to determine \chetber the 
sermn-sensitized animal is stable over a longer period- A series of animals 
received an intraperitoneal injection of OA c.c. serum and ■was examined 
between the 49th and 51st days. Eight a n imals were used: in no case was 
there any response of the isolated uterus to albumin, but the usual large 
reaction followed the introduction of globulin to the bath. Eour of the animals 
received an injection of globulin, 0*15 mg./lOO g., after removal of the first 
hom, and in one a severe reaction followed, but the animal recovered and was 
normal 14 hr. later, when this animal, -with the others, received the second 
injection of globulin to bring the total to the standard figure of 1-5 mg./lOO g. 
IHienthe animals were killed 14-2 hr. later the uterine horns were aU sensitive 
to globulin. The other four animals received the nsual preliminary injection 
of 0-15 mg. glnb ulin per 100 g. and no shock was observed^ In the second 
injection a larger amount of globulin was given to bring the total to 5 mg./ 
100 g.; one animnl suffered from severe shock after the second injection hut 
made a good recovery. "When the animals were killed 1^2 hr. later, aH were 
found to he desensitized- The sermn-sensitized animal is thus not stable 
indefinitely, but requires, ■with increase of time from the date of sensitization, 
an increased amount of globulin to discharge the sensitivity. 

Sensitization by diluted serum 

The differences observed between animals sensitized 30-35 days by serum 
and by synthetic serum might have been due to the quantities of albumin and 
globnlin in the latter being present in a different ratio from that in which they 
exist in serum. It would not necessarily imply, therefore, that albumin and 
globulin are present in serum in some txrpe of combination differing firom one 
which might he formed when albumin and globulin are remixed after sepa- 
ration. Sensitization of animals by diluted serum would throw light on this 
qnestiou, since, if serum contains a complex protein, the albumin and globulin 
whichcau be isolated from it must be dissociated at some stage by simple dilntion 
of the serum, or by the addition of a salt such as ammonium sulphate, or 
possibly, by the operation of both factors. Serum diluted 1/10 xvith water 
and -mth normal saline was used. The dilutions were made in the morning 
and the serum was allowed to stand until the afternoon at room temperature 
After stirring,. 1-0 c.c. was injected into each gninea-pig and the animals were 
osai^ed between the 30th and 35th days. The reactions of the first horns 
titro were the same as those of aUthe other 30-35 day serum or syuthetic- 
£5^ animals; there was no response to albumin, a large response to globulin. 
-After remnvni nf first, boms 0-15 mg. globulin per 100 g. was injected into 
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Table 23. Animals sensitized 30-36 days by a mbcture of albumin and globulin. 


Globulin injected into the portal blood 

mg. globulin 
per 100 g. 


Ist 

-A Z ^ 

Total 

Reaction of 

2nd hom 

Remarks 


1-6 

+ 

Ist injection after removal of Ist hom. 2nd 
injection (when given) 11-2 hr. later. 
Animals killed 2 hr. after final injection 
Severe shook and death in 4 min. 

. 

1-6 

- 

No reaction 

0-16 

, 1-6 

+ 

Death in shook 3—4 min, after 2nd injection 

0-16 

1-6 

+ --F- + + 

No reaction 


tinguishable from those animals examined 12—19 days after sensitization with 
synthetic serum. 

It remained to examine a number of animals sensitized by natural serum 
30 days and over, to determine whether there was any difference between 
them and the 16—20 day serum animals as regards the reactions of the isolated 
uteri and of the animals as a whole. Twelve such animals were used. After 
removal of the first horn an injection of globulin was given into the mesentenc 
vein, 0'16 mg./lOO g.; 1|^ hr. later the second injection was given, bringing 
the total to 1*6 mg./lOO g. The animals were killed l|-2 hr. later. All the 
animals survived, with no sign of shock after the first or second injections, 
the uteri of all were desensitized. As regards the whole animal therefore, 
there is no difference between this series and those sensitized only 16-20 days 
by serum. Nor could any difference be detected in the first uterine horns o 
the 30-36 day serum-sensitized animals; they did not react to albumin plac 
in the bath, but gave large responses to globulin. This finding conflicts wit 
that of Dale & Hartley [1916] who showed that the uterus of the SCTum 
sensitized animal 28 days and upwards, unlike the 15-20 day animal, is re 
sponsive in vitro to a small amount of albumin: these workers also found t a , 
after a larger quantity of albumin had been added to the bath and the sensi 
tivity of the uterus to this protein had been entirely discharged, the mime e 
still responded to euglobulin. Though the volume of Ringer’s solution use m 
our experiments was larger, no explanation is possible on the hnes of a owot 
concentration of albumin. The difference is essentially qualitative. ^ 
Hartley found the uterus of the 31 day serum-sensitized animal more ^ 

to albumin than to euglobulin, and stated: ‘There was some indication 
concurrently with the late development of sensitiveness to albumin, the sens 
tiveness of the plain muscle to the globulins, which attains ite 
somewhere between the 14th and 21st day, undergoes some decline, to ] ^ ^ 
by the size of the initial dose needed to produce a pronounced reaction. 
our experiments 1 mg. of albumin caused no response, nor di ^ 

after changing the Ringer’s solution there was a large, usually 
spouse to 1 mg. of globulin. The serum-sensitized animal appears toes 
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iinamder before removing tbe nteri, -with a view to aiding desenBitization 
ithout death in shock: the G-A animals -were found, indeed, to be very 
isceptible to globulin, and death often occurred. Of the eight first uterine 
oms examined, one shoved no response to albumin or to globulin, in another 
here was a maximal response to 1 mg. of albumin and none to globulin . the 
aimer had failed to become sensitized to either protein, the latter had evi- 
lently not been sensitized bv the globulin, and the cells had been left &ee to 
cquire albumin sensitivity. The remaining six uteri shoved no response to 
mg. of albumin: 5 mg. vere then added vith no result: the Einger’s solution 
ras changed and a large response to 1 mg, of globulin occurred in each case, 
fhe uteri of the eight succeeding animals, removed after the first injection of 
globulin, all responded to 1 mg. of globulin, but shoved no response to 5 mg. 
>f albumin. In fourteen animals the uteri vere responsive to globulin alone 
ind therefore vere indistinguishable from those of animals vhich had been 
sensitized only by globulin; The results of the globulin injection (Table 25) 

Table 25. AnimBla seniitized by albumin 19 days after Ecnsitiration by 
globnlin (G-A animals). Globulin injected into the portal blood 

mg. ^ohnlin per 100 g. Reaction 
I — — , of 2nd 

l6t 2nd Total hom Remarks 

iitst nterina horns removed before injection of globnlin 


* 


0-5 

Severe shock; death in 3 min. 



0-15 

Severe shock; death in 3 min. 

.Mo 

• 

1-5 

2nd injection IJ hr. after 1st. Moderate shock, Animsl 
recovered, then became Tveak and died } hr. later 

0-15 

• 

1-5 

Severe shock after 1st injection. Severe shock after 
2nd injection IJ hr. later; death in 3 min. 

M5 

• 

1-5 

Ko leaAion, 1} hr. betiveen injections 

biist injection of globnlin before removal of let hom. 2nd injection given immediately after; 
final injection 1^—2 hr. later 

0-15 

0-35 

1-5 

Xo reaction 

0-05 

0-35 

1-5 

Xo reaction 

005 

. 

0-15 

Death 3 min, after injection 

0-10 

1-5 

Death 5 min. after final injection 

005 

0-10 

1-5 

Death 16 min. after final injection 

2nd horns of last three animals not examined 


show that the animals differed from animals sensitized by an injection of 
globulin only, since, of the seven animals vhich survived the usual li-2 hr. 
period after the second injection, all but one vere desensitized. The injected 
albumin therefore had influenced the vhole animal; though it vas not de- 
lectable by the reaction of the first uterine hom, it had affected certain other 
sensitized cells, probably in the liver, in such a vay that they alloved a 
sufficient amount of globulin to pass them vithout fixation, and so to de- 
sensitize the plain muscle elsevhere. The G-A animals vere ^o much more 
difficult to desensitize vithout death in shock than vere animals vhich had 
been injected only vith globulin. A fev experiments vere performed to 
determme whether the albumin could affect the glohuliu antibody in the 
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the portal blood; l-O mg. globulin per 100 g. was injected 1^ hr. later. The 
animals were killed after 1^2 hr., with the exception of one which died ia 
shock 4 min, after the second iujection. One animal showed a severe reaction 
after the first injection, but made a good recovery. Eeaction in only two 
animals may not be significant by itself to differentiate this series from those 
animals which were sensitized by undiluted serum, but the second uterine 
horns of four of the twelve animals were not desensitized. All of the twelve 
animals sensitized with injections of natural serum given 30-36 days pre- 
viously were desensitized by such globulin injections, and none showed any 
symptoms of shock in the process. The different results observed after sensiti- 
zation with diluted serum, in which all the constituents of the natural semm 
were present in the sensitizing dose, in the same quantities and proportions, 
and the only change made was the previous dilution of the dose, suggest that 
the difference was due to the breaking up of some complex in which the 
proteins exist in the natural, undiluted serum, so that the resulting products 
gave rise to sensitized animals similar to those sensitized with synthetic 
serum’ and kept for the same period (cf. Table 23). 


mg. globulin 
per 100 g. 


Table 24. Animals sensitized 30—35 days by dilated semm. 
Globulin injeoted into the portal blood 


1st 

Total 

2nd bom 

016 

1-6 

- 

0-16 

1-6 

+ 

0-16 

1-6 

+ + 

0-16 

1-6 

+ — — — + — 


Remarks 

Severe reaction after 1st injection, but good 
recovery. Serum diluted with NaCl 
Death in shook 3 min. after 2nd mjeotlon. 
Semm diluted with NaCl . . rn 
No reaction. Serum diluted with RaO 
No reaction. Serum dilated with water 


Sensitization by separated injections of aJbumin and globulin 

The complete suppression of sensitivity to albumin in the isolated 
animals sensitized by a mixture of albumin and globulin was so remar 
as to merit further investigation. While the non-appearance of albur^ se 
tivity in the serum-sensitized animals might have been due to the 
free albumin from untreated serum, no such explanation was possi e ^ 
animals sensitized by ‘synthetic serum’. Guinea-pigs were therefore 
by an injection of 2 mg. of globulin and, after 19 days, when 
to globulin would have been established in the cells, 2 mg. of a unun 
injected into the animals. A further period of 30-33 days wm a 
elapse and the animals (which for brevity will be referred to as n 
were then examined. The first uterine horns of eight of the s en 
were removed before any globulin was injected, and when t e jeac 
these uteri to albumin and globulin had pelded consistent ^ 

considered permissible to give a small preliminary injection o g o 
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Tabix 28 . B«n3itued by globulin 31 days after sensitization by albumin 

(A-G animals). Globulin injected into the portal blood 


mg. globulin 

per 100 g. Keaction 

, ' ^ of 2nd 

1 st 2 nd Total bom 


Remarks 


Inst uterine boms removed before injection of globulin 

0.15 . 1.5 Xo reaction. 1^-2 hr. between injections. Animals billed lb br. 

after 2nd injection _ .... 

0.16 , 1-5 - Animal died in severe shock 6 min. after 2 nd mjeption 

O-is . 1-5 - Gradually became weak and died 1 hr. after 2 nd injection • 


first injection of globulin before removal of first uterine bom; 2nd injection immediately 
after; final injection li-2 hr. later 

Severe shock after 2 nd injection. Xo shook after final injection, 
but was weak when killed li hr. later 
Xo reaction ; very weak when killed 1 J hr. after final injection 
Died 1 j br. after final injection 

Died i hr. after final injection; 2 nd bom not examined 
Severe shock and death 5 min. after 2 nd injection. 2 nd hom 
not examined 


0-15 

0-35 

1-6 

- 

Wo 

0-10 

1-5 


0-05 

0-10 

1-5 

- 

OUo 

0-10 

1-5 


0-10 

0-20 

. 



been desensitized; no response ivas observed vrben 1 mg. of albumin, was 
placed in the bath. The sensitivity of the A-G animals to albumin had all 
been discharged by a small amount of globulin. These facts must indicate 
that the sensitizing dose of globulin, though it had failed to establish any 
sensitivity in the uterus which could not be discharged by albumin, had 
nevertheless influenced the albumin antibody so that it was neutralized by 
globulin in vivo. Since it is difficnlt to conceive of entirely different actions of 
globulin tn vitro and in vivo, it is also highly probable that had the first 
uterine horns been tested by the introduction of globulin into the bath before 
albumin, a maximal response would have been obtained to the former protein, 
and that the sensitivity would all have been discharged by globulin. More 
6^T>eriment3 will be required to be certain on this point, but a consideration 
of the different series of animals sensitized, viz. by serum, ‘synthetic serum’, 
globulin followed by albumin, and albumin followed by globulin, must lead 
to conviction that in all these animals both albumin and globulin had actively 
participated in antibody formation; the differences exhibited in the reactions 
of these animals and of their uteri show that the antibody cannot have been 
the same in every case. Albumin and globulin must influence one another 
mutually in antibody formation, but the type of antibody which results is 
dependent upon the conditions under which the proteins are presented to 
the animal. 

Disoussiok 

The uteri of 797 animals were examined. Of these, 665 had been injected 
previously with 5 c.c. of milk in the routine test for tubercle carried out in 
Department of Bacteriology, for which they were kept 4-5 weeks before 
wmg Idfled. The injection of albumin, globulin, or serum was given to these 
miimals at the appropriate time after the injection of milk, so that the date 
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G-A animal, at a time when it could not cause an antibody to be fixed in the 
cells if it were the only protein injected, i.e. whether albumiu in the G-A 
animal influenced the globulin antibody directly or indirectly after formation 
of albumin antibody. Five animals were available which had been injected 
with globulin 19 days previously; an injection of albumin was given and the 
animals were tested after a further 10 days. Globulin, 0'16 mg./lOO g., was 
injected into the mesenteric vein, the flrst horn was removed, and 0-35 mg./ 
100 g. was injected. One and a half hours later globulin was given to bring 
the total to 1‘6 mg./lOO g. When the animals were killed after the usual period 
the uterine horns of two were found to be desensitized. The result vas incon- 
clusive, and a larger number would be required to settle the point: no sign of 
shock was observed in any of these animals. 

The converse of the above type was examined, animals which were given 
an injection of alb umin and after 31 days were injected with globulin (A-G 
animals) : these were kill ed 17-20 days after the ^obulin had been given. The 
first uterine horns of six were removed before any globulin was given into the 
mesenteric vein, and were tested with 1 mg. of albumin, then with an addi- 
tional 1 mg. of albumin; the Ringer’s solution was changed and 1 mg. of 
globulin was placed in the bath, followed by 6 mg. Two uteri were insensitive 
to albumin and to globulin : the remaining four responded by maxinial con- 
tractions when 1 mg. of albumin was introduced; a further 1 mg. of albumin 
caused no reaction, nor did globulin. The whole of the sensitivity of these 
uteri was thus discharged by a small amount of albumin. The remaining five 
animals received a small injection of globulin before the first horns were 
removed, since the A-G animals seemed to be even more sensitive to globulin 
than was the G-A series: the uteri, however, aU responded to albumin, none 
to globulin. Rone of the isolated uteri of these animals was tested with 
globulin before introduction of albumin into the bath, since it was vital to 
be certain of the sensitivity of these uteri to albumin, and thus to differentiate 
them from the uteri of animals sensitized by serum, synthetic serum, and 
globulin followed by albumin. The results of the injection experiments are 
given in Table 26. In two of the animals, death in typical anaphylac^a 
shock occurred about 6 min. after an injection of globulin. Three others, whic 
showed' no immediate reaction to the injected protein and which made go 
recovery from the operation, gradually collapsed and died hr. later. 
Only four lived for the standard period of 1^-2 hr., and two of these anima s 
were noticeably weak. Globulin appears to cause delayed and fatal shock m 
the A-G animal, while it caused no symptoms of any kind when injected mto 
the animal sensitized by albumin alone. This fact of itself is sufficient to 
indica'te that, though the uteri of the A-G series are highly sensitize to 
albumin, the animals are quite different from albiunin-sensitized am^ 
Also, aU the second uterine horns which were examined were foun to av 
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Tte rerj- krge difference in the time of grinding in our experiments and those 
of Cohen, suggests that the extent of the denatnration of the albumin and 
globulin from this cause must have been very smalL Appreciable denatnration 
^uld reduce the value of conclusions diavm from the difference found betvreen 
serum and the proteins derived from it, vhen injected into the circulation. 
On the other hand, denatnration vrould enhance this difference vhen the 
intestmal route vas being used; under these conditions serum vas shotvn to 
be much less active than alb umi n and glob ulin . 

The p rima ry purpose of this vork, the decision as to uhether the smaller 
molecule albumin is absorbed from the intestine more readily than globulin, 
has not been achieved. The unexpected finding that globulin may be absorbed, 
probably by the lymphatic system, renders valueless any calculation based 
on the relative amormts cff the tvo proteins vHch are required to desensitize 
the animal vhen injected into the portal blood. There is no reason rrhy 
albumin itself may not enter the lacteals after leaving the lumen of the 
intestine; but there is not even indirect evidence that this may occur, as there 
is in the case of globulin. All that can be said, until further information is 
availahle, is that albumin and globulin, or proteins antigenically indistinguish- 
ahle from them, are absorbed in significant amounts srithin a fevr hours of 
their introduction into the small intestine. Such absorption is probably not 
limited to the artificial conditions vhich obtained in this vork, and it may 
■5'^ occur normally if some protein escapes the action of the proteolytic 
enzymes in the digestive tract. There vas no significant distension of the gut 
vhen the albumin and globulin vere injected, since the volume of fluid did 
not exceed l-O c.c. When serum vas used to desensitize the animals sensitized 
by this protein, desensitixation was only effected by an amount so large that 
it was impossible to avoid marked distension of the duodenum. Since the 


gut was not ligatured the distension would be gradually relieved as the serum 
distributed itself, but it is impossible to be certain how far the distension 
factor came into play, a factor which Hettwer & Kriz [1925] have shown to 
affect the absorption of serum from the intestine. , 

The fact that some sensitized animab died in anaphybctic shock, wMe 
othem, receiving tbe same sensitizing treatment and reinjection, showed no 


^rmptoms, b not easy to explain. In the animal sensitized to albumin and 
desensitized by a single injection of thb protein, the antigen-antibody reaction 
must be a comparatively mild event in the celb, and, if it involves some 
cellukr injury with liberation of histamine, the amount so liberated must be 
EnmlL When such animab were desensitized by serum or synthetic serum a 
much more drastic event occurred, and there was always the risk of death, 
jyen when the antigen was given in graded amonnts' Other examples of 
^gHy toxic reactions have been given in the text and need not h^ repeated 
fccre. It b remarkable that it was possible, on occasion, to de-ensitiz- an 
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of MUing should be correct for both the millr test and the anaphylactic ivork. 
The high degree of species specificity of the anaphylactic reaction preclnded 
any interference by the proteins of milk, but the validity of results obtaiued 
from animals in which tuberculosis was active was open to doubt. After 
consideration of a long series of experiments carried out on the mbk-test 
animals, it has been decided not to exclude results from animals which had 
been infected by the m i l k. All the animals used appeared healthy when the 
operations were performed, and only when the records of the Department of 
Bacteriology were consulted, at intervals of about 6 months, were the results 
of the milk tests known. On looking back through the work performed during 
such a period, it was not possible to detect any anomalous results which could 
be attributed to the presence of tuberculosis. The disease did not significantly 
affect the capacity of the animals to become sensitized to horse protein. Of 
the 368 animals which were sensitized, 37 or 10-1% were tuberculous: of the 
297 animals whose first uterine horns proved to be insensitive, 26 or 8'7 % 
had tubercular lesions. The average weight of the milk -test animals was 
368 g. These animals were not necessarily virgin, and some were found to be 
pregnant when the abdomen was opened: if pregnancy was not advanced 
these uteri were used, many with success, since, if the strip of muscle relaxed 
to give a steady series of uniform ^mall contractions, the large response which 
followed the introduction of the antigen into the bath was as clearly marked 
as in the case of a small virgin uterus. 

In addition to the milk-test animals, 132 small virgin guinea-pigs were 
specially obtained for the anaphylactic experiments alone; their average 
weight was 298 g. These animals were used late in the work, not because of 
any doubt as to the vahdity of the other results, but to supplement the supply 
of animals from the Department of Bacteriology at a time when it was inade- 
quate, to confirm results which differed from those of other workere, and when 
it was necessary to sensitize some animals for longer than 4—6 weeks. 

After the experiments were completed, there appeared an important paper 
by Cohen [1943], on the effect of dry grinding on the properties of proteins. 
Cohen, working with ovalbumin, showed that grinding the protein in a ^ 
state for 24 hr. or longer, produced changes in the molecule associated wit^ 
denaturation and coagulation. It seems possible that some alteration in 
proteins may have occurred during the grinding of the albumin and g o 
used in our experiments ; the time of grinding was not controlled, and dou 
varied in different preparations, but it was never prolonged. When the wor 
of Cohen was known, the time of grinding of three globulin preparati^ 
accurately noted; globulin was chosen, since this protein becomes a ha 
involving more grinding than albumin. The longest time taken 
protein to the usual degree of fineness was 1 min. 25 sec., and it is 
whether any preparation used in this work was ground for more an 
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The very large difference in the time of grinding in onr experiments and those 
of Cohen, suggests that the extent of the denatnration of the albumin and 
globulin from this cause must have been very small. Appreciable denatnration 
would reduce the value of conclusions drawn from the difference found between 
serum and the proteins derived from it, when injected into the circulation. 
On the other hand, denatuxation would enhance this difference when the 
intestinal route was being used", under these conditions serum was shown to 
be much less active than albumin and globulin. 

The primary purpose of this work, the decision as to whether the smaller 
molecule albumin is absorbed from the intestine more readily than globulin, 
has not been achieved. The unexpected finding that globulin may be absorbed, 
probably by the lymphatic system, renders valueless any calculation based 
on the relative amounts of the two proteins which axe required to desensitize 
the animal when injected into the portal blood. There is no reason why 
albumin itself may not enter the lacteals after leaving the lumen of the 
intestine; but there is not even indirect evidence that this may occur, as there 
is in the case of globulin. AH that can be said, until further information is 
available, is that albumin and globulin, or proteins antigenicahy indistinguish- 
able from them, are absorbed in significant amounts within a few hours of 
their introduction into the small intestine. Such absorption is probably not 
limited to the artificial conditions which obtained in this work, and it may 
well occur normally if some protein escapes the action of the proteolytic 
enzymes in the digestive tract. There was no significant distension of the gut 
when the albumin and globulin were injected, since the volume of fluid did 
not exceed 1-0 c.c. "When serum was used to desensitize the animals sensitized 
by this protein, desensitization was only effected by an amount so large that 
it was impossible to avoid marked distension of the duodenum. Since the 
gut was not Hgatuied the distension wonld he gradually reheved as the serum 
distributed itself, but it is impossible to be certain bow far the distension 
factor came into play, a factor which Hettwer & Kxiz [1925] have shown to 
affect the absorption of serum from the intestine. , 

The fact that some sensitized animals died in anaphylactic shock, "Wiile 
others, receiving the same sensitizing treatment and reinjection, showed no 
symptoms, is not easy to explain. In the animal sensitized to albumin and 
desensitized by a single injection of this protein, the antigen-antibody reaction 
must be a comparatively mild event in the cells, and, if it involves some 
cellular injury with liberation of histamine, the amount so liberated must be 
small. lYheh such animals were desensitized by serum or synthetic serum a 
much more drastic event occurred, and there was always the risk of death 
even when the antigen was given in graded amounts. Other examples of 
mgbly toxic reactions have been given in the text and need not be repeated 
here. It is remarkable that it was possible, on occasion, to desensitize an 
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animal by a full dose of the appropriate antigen without shock, while other 
0 t e same series showed symptoms or died after only a minute doee. 
^ uterine horns of the animals which were •desensitized without shod 
were o n as sensitive as those of animals to which a much smaller dose o 
ant^en proved fatal. It is possible that the reaction of certain sensitized cell 
m t e hver may afford an explanation. The possibihty of the active participa 
tion in anaphylactic shock in the guinea-pig of sensitized cells elsewhere thai 
m the lungs was considered by Dale [1912], who concluded that there wa: 
no necessity to assume any other than the immediate effect of the antigen oi 
the sensitized muscle in the lungs, to explain acute shocL Numerous instance! 

ave beeii given in the present work of sudden and rapidly fatal shock ii 
some sensitized guinea-pigs, particularly in those sensitized to globulin, whicl 
follows mjection of the antigen into the portal blopd, without accompanying 
desensitizatiou of the uterus ; it is probable therefore that the hver may play 
an important part in some acute anaphylactic reactions in these animals. 
IVhen fa'tal shock occurred in 3—6 min. after injection of an antigen into the 
portal blood, and the uterus was found to be fully sensitive, very ht^le, if any, 
of the foreign protein could have entered the systemic circulation, and death 
must have been caused indirectly; the spasm of the bronchial musculature, 
which is usually considered to be the immediate cause of death in anaphylactic 
shock in the guinea-pig, must have been secondary to the hberation from the 
liver of some non-antigenic stimulant of smooth muscle, such as histamine. 
It is possible therefore that when animals are sensi'tized by a protein, receptive 
cells in some tissues, e.g. the hver, are more highly sensitized than in others, 
and that this differential distribution of the sensitizing antibody varies ffom 
one individual to another. This may account for the death in shock of some 
animals given a very small amount of protein, by the portal circulation, and 
the absence of any symptoms in others, of apparently equal uterine sensitivity, 
which received a far larger quantity of the antigen. Pro'tein introduced into 
the intestine enters the circulation so slowly as to desensitize even the most 
hi^dy sensitive cells without symptoms, for none have been noted in all the 
animals desensitized by this route. 

It is known that the epithehal cells of the intestinal mucosa discriminate 
sharply between substances of similar physical properties, and the failure to 
correlate, in the three types of sensitized animals studied, the desensitizing 
power of serum with that of albumin and globulin, is a point in favour of 
serum containing a complex protein in which albumin and globulin have no 
separa'te existence. The properties of serum as a desensitizing antigen, when 
injected into the portal blood, agree closely ■with those found for an artificia 
mixture of albumin and globulin, with the curious exception that serum was leM 
consistent in its action than was ‘synthetic serum’ injected into the globulin 
animal. Globulin alone was also more reliable than serum in desensitizmg 
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tlie animal sensitized by tbe latter. A mixtuie of albumin, and globulin in 
jected into tbe blood vras found to desensitize in circumstances rvliicb could 
Dot be explained as tbe action of either of tbe proteins alone, and it is difficult 
to account for tbis in any otber way tban as due to some type of recombination 
between tbem. blacfarlane [1935] bas sbown tbat mixtures of alb umin and 
globulin sbow cbanges in tbe ratio of large to small molecules, wbicb must be 
due to some-interaction. If protein complexes exist in serum and in mixtures 
of albumin and globulin, tbey are unlikely to be identical, since definite 
differences were found between serum and ‘syntbetic serum’ wben acting as 
iesensitizing antigens. There was also a difference between tbem wben acting 
as sensitizing antigens. Tbe most cogent evidence in favour of serum con- 
taining a complex protein was afforded by tbe special properties of tbe guinea- 
pig which bad been sensitized by serum: these were not always reproduced 
when ‘synthetic serum’ was used, nor were tbey always exhibited after sensiti- 
zation by prediluted serum. Tbe evidence tbat serum is unique as a sensitizing 
complex is essentially based on tbe influence of tbe ‘masked’ albumin, an 
influence which leaves tbe uterine boms unresponsive to albumin in vitro, 
hut which makes tbe serum-sensitized animals differ completely from those 
sensitized to globulin, and remain so for at least 35 days. Tbat tbe serum 
antibody should sbow evidence of breakdown between tbe 35tb and 50tb days 
is not incompatible with serum being an albumin-globulin complex, for this 
must be of tbe loosest possible kind: it is reasonable to suppose tbat the 
antibody may be dissociated ultimately by factors in the cells, just as tbe 
antigen which gave rise to it is readily dissociated by water or salt solutions. 
The alteration which takes place in tbe serum antibody is compatible with 
waning influence of tbe albumin component, which results in tbe animal be- 
coming more like one sensitized to globulin. A similar change takes place in 
the animals sensitized by synthetic serum, but at an earber date. Since 
nothing is known of tbe composition of these antibodies, it is not profitable 
to speculate further, but tbe results of tbe experiments with tbe Gr-A and 
AG animals suggest tbat there may be fixed in tbe cells of different animals 
mote than one type of antibody, in tbe formation of which both albumin *and 
globulin have taken part. An animal sensitized by a single protein can have 
only one type of antibody present in the cells, and tbis should remain un- 
changed, quabtatively, until it disappears in tbe course of time; when an 
antibody complex is formed as tbe result of tbe injection of two proteins the 
components need not necessarily persist with tbe potency of each unchanged 
over a long period; one may di m imsb in strength before tbe other. 

The non-homogeneity of serum sbown by Macfarlane [1935] m lug ultra- 
centrifuge experiments is not iucompatible with serum containrug a protein 
complex. As Macfarlane stated, there was no evidence that tbe large particles 
are globulin, and it is possible that there may be more tban one type of protein 
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complex in serum. If albumin and globulin associate together, complexes 
may be formed in which the constituent proteins are present in different 
proportions, thus giving rise to particles of different size. Other difficnlties 
are the change from normal of the albumin/globulin ratio in pathological sera 
and the analytical figures which show different rates of regeneration of thesi 
proteins in the blood after haemorrhage. It is possible that serum protein i 
not of fixed and invariable composition, and that it may be "made up o 
different proportions of the constituent proteins, depending upon the condi 
tions. It is not easy to see how a final answer to this question may be given 
from the very nature of the problem the evidence must be indirect. All the 
can be said at the present time is that serum, examined by different observer 
and different methods, does not behave merely like a solution of free albuinn 
and free globulin. , 

SuMMAUY OP Part 2 ^ 

1. Considerable quantities of globulin have been administered by the m 
testinal and portal routes to guinea-pigs sensitized by albumin. Cross-reaction 
did not occur, nor were they observed when the converse experiments iver 
performed. 

2. Though the amount of globulin required to desensitize a globulin 

sensitive animal by the portal route was large, a very small quantaty o 
globulin was foimd to be effective when an equal amount of albumin wa 
present (‘synthetic serum’). The volume of natural serum required to e 
sensitize such an animal was also very small. ' ... 

3. The characteristics of serum* and ‘synthetic serum’ as desensitizm^ 

antigens have been studied and compared. ‘Synthetic serum simulates sernn 
closely in some reactions, but not in all. . , 

4. The influence of serum as a sensitizdng antigen has been investiga 
Animals sensitized by serum for 30 days differ from some of those sensitia 
by diluted serum or by a mixture of albumin and globulin. 

6. Animals which were sensitized by serum for 60 days differed from 

which were examined after 30 days. . 

' 6. The behaviour of serum as a desensitizing and as a sensitizmg an g ^ 
is incompatible with that of a mixture of albumin and globuljm 
suggested that serum contains a protein complex in which al umm 

globulin have no separate existence. , , 

7. The isolated uteri of animals sensitized by serum, synthetic seriimj ^ 
globulin foUowed at 3 weeks’ interval by albumin are not 

albumin. The uteri of animals sensitized by albumin foUowe y g 
after 31 days are very sensitive to albumin in vitro. forma- 

8. It is shown that more than one type of antibody may exis , m 
tion of which both albumin and globulin have taken part. 
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The milfc-test animals were first placed at my disposal by the late Prof. J. W.'Edington; to 
lis saccessor, Prof. Wilson Smith, I am indebted for a continuance of these facilities. I wish to 
:h«ntr all members of the Department of Bacteriology for their co-operation, especially Drs 
IL Q. Happey, D. Ijewis, and IL S. Spink, who have been responsible for the milk testa at 
lifferent times, and who have done much to help in this work. Por the supply of other anima l s 
1 am indebted to Drs P. Hartley and S. W. F. Underhill, and the Director of the Agricultural 
Research Council. That ruistakes were not made in the identity of so many different animals 
sfter sensitization is largely due to the care taken by Mr B. Cartwright, who also assisted in 
many other ways; to him I express my gratitude. Part of the espense of this work was defimyed 
by a grant &om the Beaverbrook Research Fund of the Faculty of Medicine. 
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A STUDY OF DEHYDRATION BY MEANS OF 
BALANCE EXPERIMENTS 

By D. a. K. black (Beit Memorial B^search Fellow), R. A. McCANCE, 
AND W. F. YOUNG, From the Department of Medicine, Gawhridge 

(Received 29 July 1943) . 

A survey of the literature ptuporting to deal with thV effects of water depriva- 
tion shows that most of it has reaUy been concerned with the results of a defi- 
ciency of salt. In 1935, however, Kerpel-Fronius distinguished between the 
changes in the body due solely to a deficiency of salt, and those due simply to 
a shortage of water, but this important distinction has been little appreciated 
either in this country or in America, although Nadal, Pedersen & Maddooh 
[1941] set out to contrast the features of these two syndromes in man. Un- 
fortunately, in one of Nadal et al. two subjects the period of water deprivation 
followed directly upon one of salt deficiency, while in the other deprivation of 
water was accompanied by fasting. Hence, although results of great interest | 
were obtained, the effects of water deprivation were complicated in one j 
person by salt deficiency, and in the other by fasting. Admittedly, in clinical 
medicine, deprivation of water is usually accompanied by one or other of J 
these complications, but warfare by sea or land may subject men with plenty 
of food to a shortage of water. 

The present paper describes the results of metabolism studies on two sub 
jects, who abstained from water for 3 and 4 days respectively, during whic 
they took a ‘dry’ diet adequate in protein, salt and calories. Although a 
balance experiment on a human being cannot be carried to the point where 
biochemical cause of death becomes clearly stigmatized, it is possible to 
tinguish physico-chemical happenings in the early days of water depiivaboA 
which woidd, if they went on long enough, provide a reasonable m 
moriendi. It is this chain of events which it is now proposed to describe. | 

Methods ^ 

A preliminary experiment was carried out on R. M. with the object of studymg 
the general features and particularly the function of the kidney 
hydration. This made it clear that some people would certainly e a e 
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TTifliTitaiTi a normal calorie intake for tke first few days of dehydration. D. B. 
and J. H., two normal men aged 28 and 33, and weighing 63 and 70 kg., were 
tlien studied in the following way. Each subject selected his own diet with a 
view to its palatability without water, and this diet was kept constant in 
weight and composition from day to day. D. B.’s diet comprised brown bread, 
butter and marmalade, cheese, dates, meat paste, shortbread, oatcakes and 
toffee. It contained 2-9 g. of £, 9-1 g. of IsaCl, and 13-8 g. of N per day, 
470 g. of carbohydrate, 80 g. of protein. 115 g. of fat, and its calorie value was 
3164. J. H.’s diet consisted of biscuits of various types, butter and jam, cheese, 
bacon, potato crisps, chocolate and toffee. It yielded 1*8 g. of K, 9*6 g. of 
HaCl, and 10-4 g. of Is per day, 286 g. of carbohydrate, 64 g. of protein, 161 g. 
of fat, and its calorie value was 2846. D. B.'s daily food contained 251 c.c. of 
water, and a further 439 c.c. of water would have been derived from its com- 
plete metabolism. Eor Jf H. the corresponding figures were 115 and 359 c.c. 
Bor 4 days each person took his diet with as much water, tea or coffee as he 
felt inclined. All fluids were then withheld for 3 days from D. B., and for 
4 days from J. H. A further period of 3 days with fluids concluded each experi- 
ment. Both men were weighed every day. Urine and faeces were collected 
for 2 days before fluids were withdrawn and thereafter to the end of the 
experiment. Urine was collected xmder toluol in 24 hr. periods; faeces were 
collected as described by McCance & Widdowson [1942]. Blood was always 
withdrawn at the same time of day. Chlorides in the plasma were determined 
by Sendroy* s [1937] method, and, apart from this, urea and the mineral ele- 
ments by the methods given by iIcCance [1937] and iIcCance & lAiddowson 
[1937]. 

Eesclts 

General changes 

In addition to the subjects described in this paper there have been oppor- 
Imnities for observing the general effects of experimental dehydration in eight 
men and two women. The experience of voluntary dehydration is inseparable 
horn some degree of ‘self consciousness’. Even allowing for this, the subjects 
exhibited a change m behaviour which could be interpreted as an exaggeration 
of their temperamental type. Serious people became positively sombre; while 
others, normally cheerful, exhibited a somewhat hollow vivacity. The subjects 
were mtellectually capable of performing estimations and calculations, but 
them concentration was impaired. They found that the days of dehydration 
Were not actually uncomfortable but they seemed very long. The experi- 
menters were never unbearably thirsty, but by the third day their mouths 
and throats had become dry, their voices husky, and they had begun to find it 
^^t to EwaUow. By the third or fourth day their facies had become some- 
nat pinched and pale and there was a suggestion of cyanosis about their lips 

26—2 
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wliicli was rather characteristic. This general appearance of ill-being vanished 
■within a few hours of the restoration of fluid, and the symptoms of dehydration ^ 
passed off long before physiological rehydration was complete. Many of the ; 
subjects lost all their desire to drink as soon as the fi^ pint of fluid had been j , 
taken. Both D. B. and J. H. were rehydrated slowly [McCance & Young, 1944], 
and this should be borne in mind when considering the metaboho changes of 
the first day of rehydration. The subjects lost weight at rather different rates. 

D. B., for example, lost 3'8 kg. in 3 days, and J. H. 3-8 kg. in 4 days. 


Changes in the circulating fluids 

The haemoglobin and haematocrit values changed very little, and then 
was no evidence that either of them rose during the periods of dehydration 
D. B.’s plasma proteins increased from 7-2 to 7-4 % and J. H. s from 7-3 ti 
7-6 %, and, although they fell again during the aft^ periods, it is doub i 
these changes have much significance. It may be inferred that under the con 
ditions of these experiments there was little if any reduction in the bwi 
volume. These findings are in accordance ■with those of Nadal el al. [19 
and demonstrate that some highly efficient mechanism must have been a 
work to prevent such a reduction taking place, for, at the same 
volume of other fluid compartments of the body measurably decline 


Subject 

D. B. 

J. H. 


Table 1. Changes in the serum induced by dehydration 

Plasms PlMtn* 
Cl mg. 

per 100 0.0. perlOOc.c 


Lart day of 

Fore period 
Dehydration period 
Rehydratiou period 

Fore period 
Dehydration period 
Rehydration period 


Plasma 
Na mg. 
per 100 o.c. 

340 

369 

340 

327 

366 

334 


Serum 
£ mg. 
per 100 o.c. 

19-3 

16-1 

16-6 

16-6 

13-2 

13-6 


377 

406 

374 

364 

384 

381 


S3 

67 

29 

20 

47 

27 


The changes in the serum chemistry are given in Table 1. The oo ^ 
always underwent a m^rderate increase during the dehy^ation 
figures in Table 1 may be regarded as fairly typical, although ™ 

have been recorded in other subjects. The plasma ndfeUt 

dehydration period to a value about 10 % in exoe^ of its imtia on , , 

its original level after rehydration. There were similar period 

Cl. ThL was a faU in the serum K of both men during the dehydratio 
This is particularly noteworthy when it is recalled that t ere 
excretion of K in the urine at this time [McCance & Young, J- 


Nitrogen metabolism 

o Q' T) *B WflS positi^ 

The N balances of both men are given in Table 2. ^ bince ^ ^ 

and J. H. in negative balance during the two however 

in some ways to compare the two experiments. B 
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Table 2. Nitrogen balances before, daring and after dehydration 


Day 

Intake 
g. per day 

Pteliminary ' 

13-6 

(average) 
Dehydration 1 

14-0 

■ 3 

14-0 

3 

14-0 

4 

— 

Rehydration 1 

13-9 

2 

13-9 

3 

13-9 


D. B. 


Total 



Total 

Balance 

output 

Balance 

Intake 

output 

. per day 

g, per day 

g. per day 

g. per day 

g. per day 

12-3 

+ 1-2 

10-4 

11-3 

-0-9 

100 

+40 

10-4 

10-3 

+04 

12-6 

+ 1-4 

104 

14-3 

-3-9 

14-4 

-0-4 

104 

15-3 

-4-9 


— 

104 

164 

-6-7 

17-0 

-31 

10-4 

ISl 

-4-7 

17-6 

-3-6 

104 

17-6 

-7-2 

13-4 

+0-6 

104 

144 

-4-0 


Wed a fall in the excretion of N on the first day of dehydration, during 
rhich most of the rise in the blood urea took place, and an increased elimina- 
iion of 11 during those parts of the after period when the blood urea was 
regaining its original level. In order to assess the daily formation of urea, 
these changes in the levels of urea in the body fluids had to be taken into 
account, as well as the urinary excretion, and when this was done the figures 
shown in Table 3 were obtained. It will be seen that the urea production 


Table 3. The effect of dehydration on the production of urea 

D. B. J. BL 

Average preliminary period g. per day 19-6 14-0 

Average dehydration period g. per day 22-8 20-6 ^ 

Average rehydration period g. per day 21-8 18-0 

increased during the dehydration period and remained somewhat high into 
the after periods. This increase was greater in J. H. than in D. B., hut in both 
it was greater than could be accounted for by dietary variation or experi- 
mental inaccuracy. It may be attributed to a breakdown of tissue protein. 
In one sense the quantities involved were small, for they amounted, even in 
the case of J. H., to less than 20 g. of body protein pet day. Had tbe dehydra- 
tion heen prolonged, however, and the losses continulfi, they might later have 
become a serious matter. 

The water balance 

When Newburgh & Johnston’s [1942] method of calculating changes in the 
body water was applied, the figures given in Table 4 were obtained. These 
findings agree quite well with those of Collet & Haddock [1936], whose two 
subjects, studied under similar conditions, also lost about 3 kg. of 'water in 
3 days. The loss of water by the skin and lungs tended to decrease during 
the dehydration period. This may have been due to diminishing activity, for 
Newburgh & Johnston [1942] have shown that when they controlled' the 
activity of a subject his insensible water loss did not diminish during dehydra- 
tion of a siimlar degree. Neither subject can have been losing much water or 
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Table 4. The water balances during the periods of dehydration 

Intake c.o. Output o.o. 

Subject and r- * ^ , '' — > 

duration of In By Lungs Balance 

dehydration food metabolism Total Urine and skin Total c-c. 

D. B. (3 days) 763 1287 2040 1933 3637 6570 - 3530 

J. H. (4 days) 460 1436 1896 2360 3060 6426 - 3530 

NaCl by the active production of sweat for it is accepted that the water lost 
by the insensible perspiration of the skin and by the lungs is usually of the 
order of 1000. c.c. per day. This conclusion is important in coimexioE with the 
mineral balances now to be considered. 


Mineral balances 

The figures obtained from D. B. were more satisfactory than those &om J. H. 
for D. B. was in mineral balance during the preliminary period, while J. H. wm 
gaining slightly in weight and was in slightly positive Na and Cl and m 
negative K balance. Nevertheless, the subjects agreed in showing a small 
retention of Na and Cl during and after dehydration and a negative K balance 
during dehydration. Similar results were obtained by Wiley & Wiley 
who studied the mineral balances of a man whose water intake was testae 
to 1186 g. per day for a period of 6 days. The present results are summarized 
in Table 6. The output by the faeces was measured and taken into account, 


Table 6. The min eral balances 
D. B. (3 days dehyrlration) 


Average for: 

Preliminary period 
Dehydration period 
Eehydratiou period 


Na 

g. per day 

±00 
+ 0-6 
+ M 


Cl 

g. per day 

±00 
+ 0-7 
+ 20 


K 

g. per day 

±0-0 
-M 
+ 0-6 


J. H. (4 days dehydration) 

K 


Na Cl 

g. per day g. per day g- per day 

+ 0-7 +1-3 

+ 0-6 +2-4 -1^ 

+ 1-2 +0-7 


+0-1 


but not the losses on the surface of the body. The figures indicate that t ^ 
men did not excrete qmte all the salt in their diets while they were cmg 
dehydrated and none of the salt from their extracellular fluids. Since ^ 
fluids underwent a considerable shrinkage in volume before the dehy 
was relieved, it is easy to understand why the serum Na was observe to 
(Table 1). In the experiment of Nadal et al. [1941] the diet was salt 
the Na and Cl balances were, therefore, negative. In 3 days of de y 
however, their subject lost less than 1 g. of Na, which would correspon ro 
to 300 c.c. of extracellular fluid. He must have lost much more o 
cellular fluids than this — perhaps in all as much as 1000 c.c. ^ when 

equivalent amoimt, about 2 g., of Na. Similar happenings were o 
dogs were deprived of water [EUdngton & Taffel, 1942] and are e 
found in all mammals. The retention of Na and Cl in the a^ ^^^mX^^water 
of the reaction of the body to rehydration. During this time 
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Tvas dilating tlie body flnids and (for some reason) Na and Cl rvere retained 
concnrrently. 

As already mentioned, both men bad a negative K. balance vrbile they rrere 
being dehydrated. D. B. excreted 3-28 g. of K over and above the amount in 
Ins food. This corresponds to about 600 c.c. of cell fluid, and J. H. excreteS in 
tbe same vay K. corresponding to about 740 c.c, of cell fluid. It is interesting 
to compare these volumes vrith those corresponding to the amounts of tissue 
Deing broken dovn, as estimated from the increased urea production during 
the dehydration periods. In D. B. 10 g. of 'extra' urea rrere ^rmed during 
iebydra'tion (Table 3) and this is equivalent to 30 g. of protein. Protein is 
associated with three to five times its own weight of water in the tissues [Best 
& Taylor, 1939] so that only about 125 c.c. of intracelltdar water were set free 
by the destruction of protein. S'lmiiatly in J. H. the ‘ extra ’ urea formed during 
dehydration had a protein equivalent of 70 g. corresponding to about 300 c.c. 
of cell water. In passing it is to be noted that Kerpel-Pronius [1935] found that 
when fasting rabbits were deprived of water they too excreted a higher K/N 
ratio than is present in cell fluid. D. B. and J. H. both lost over 3000 c.c. of 
body fluids during dehydration and of these at least 2000 c.c. probably came 
horn the ceUs. Hence during dehydration the happenings in the cells may be 
mmmarized as follows : (o) There was a considerable loss of fluid, (b) There was 
a loss— by excretion — of some of the K. corresponding to this fluid but never- 
theless a rise of osmotic pressure within the cells, (c) There was a loss — ^by 
destruction — of some of the cell protein, but not enough to correspond to the 
loss of K. Hence during dehydration the ceUs become smaUer, more con- 
centrated with respect to K ions and stiU more concentrated with respect to 
protein. 

The positive Na and negative K balances during the dehydration periods 
show that K from the ceUular fluids had priority in excretion over K a from the 
extracellular fluids, and this in spite of the fact, that the K in the plasma feU 
during dehydration while the Ka in the plasma rose. This preferential excretion 
of H was noted and discussed by EUdngton & TaiTel [1942], These authors 
pomted out that by this means more water was withdrawn from the intra- 
cellular compartments of the body than would otherwise have been the case 
and hence that the volume of the extraceUular fluids was to the same extent 
preserved. This may help to explain the maintenance of the blood volume 
previously described, and commented upon also by Hadal ei ah [1941], 

It is instructive in summary to contrast the course of events in dehydration 
and in salt deficiency. In the former the excretion of minerals did not keep 
pace with that of water, the osmotic pressure of the plasma and of the whole 
body rose, some K passed out of the ceUs, and this helped to preserve the 
xolume of the extraceUular fluids. The plasma volume did not faU. In salt 
deficiency [McCauce, 1936; McCance & 'Widdowson, 1938] the excretion of 
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■water did not keep up ■with the loss of salt and consequently the osmotic 
pressure of the plasma feU. Wa'ber passed into the cells and there ■was a great 
fall in the volume of the extracellular fluids. The volume of the plasma and 
of the circulating blood fell also, and this was probably the cause of much of 
th* subjects’ embarrassment and discomfort. 


The osmotic balances 

D. B.’s diet contained 166 m.eq. of Na, 166 m.eq. of Cl, 74 m.eq. ofK and 
enough prote^ ■to produce 326 mM. of urea, giving a total of 709 inM. of osmot- 
ically active material per day. J. H.’s diet contained 631 mM. of these four 
substances per day. Table 6 shows the amoun^ts of osmoticaUy active material 


Table 6. The osmotic balances 


Subject D. B. 


Subject J. H. 


Period and day of period 

Diet 

mM. per day 

Urine 

mM. per day 

Diet 

TfiM. per day 

Preliminary (average) 

710 

702 

631 

Dehydration 1 

710 

677 

631 

2 

710 

702 

631 

3 

710 

764 

631 

4 

— 

— 

631 

Eehydration 1 

710 

669 

631 

2 

710 

628 

631 

3 

710 

697 

631 


Urine 

mJL per day 
6U 
628 
668 
676 
722 

628 

688 

626 


(as represented by the Na, K, Cl and urea) excreted by both men. It will be 
seen that the osmotic excretion in the urine was low on the first day of dehydre 
tion, and later rose, so that by the last day the kidneys were excreting more 
mM. of the four substances together than the diet pro'vided, in spite of t e 
small volume of water available to them [McCance & Young; 1944]. 
daily fluctua'tions in osmotie output were due to urea (see Table 2) an no 
to the minerals. Over the whole dehydra^tion periods the kidneys may be 
to have excreted the osmoticaUy active ma^terial in the diet, and, but for 
changes in body water, the men would have been in osmotic equihbnum. 
the same period, however, 3-6 1. of body fluids were lost, and each of these 
have contained about 320 mM. of osmoticaUy active material, making a 
of about 1100 mM., which were either retained or, more probably, p 
excreted ■with the retention of an equivalent amount of osmoticaUy 
material from the food. This retention corresponds to an increase o a o 
28 m.osmol./l. in the 40 1. (approx.) of body fluids. The percentage a 
plasma increased by about 30 mg./lOO c.c., or about 13 m.eq./l. ^ 

have been an equivalent inerease in acid radicles and a smaU change 
urea — say 30 m.osmol. in aU. There is thus good agreement between two^ 
different methods of estimating the increase in the osmotic pressure 
body. 
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It miglit qxiite reasonably be supposed that if the kidneys were able to 
excrete 600 to 700 mM. of osmotically active material per day on a diet con- 
taining just that amount, they might do so on a diet poorer in salt and protein 
so that on such a diet the loss of body fluid by dehydration might not inv^ve 
any increase in the osmotic pressure of the body. The results of Nadal 
[1941] show, however, that even with a fasting subject the excretion of minerals 
derived &om the mobilization of body water is not complete. In.their experi- 
ment nB, the losses of minerals and urea in the urine during a 3-day period 
of dehydration were: Na, 41 m.eq., Cl, 59 m.eq., K, 150 m|^q. and urea 
. 93 mM. — a total of 343 m.osmol. Since no food was taken, aU this was derived 
from the body fluids, but in the same period there was a loss of 3264 c.c., 
vhich would have contained 1045 m.osmol. Even in complete fasting, there- 
fore, there was a retention of 702 m.osmol. in 3 days. Other aspects of this 
phenomenon are discussed by McCance & Young [1944]. 

This osmotic retention, which appears to be somewhat greater on a full diet 
than in fasting, must be seriously considered as the cause of death in dehydra- 
tion. Eerpel-Eronius & Leovey [1929] found that after ligating the ureters 
the osmotic pressure of both the blood and the tissues tended to rise, and that 
death could be hastened by giving either salt or urea. They concluded that 
the rise in the total osmotic pressure of the body and not the accumulation of 
any specific substance was the cause of death. Elerpel-Eronius & Leovey 
[1931] later found a s imil ar increase in the osmotic pressure of the blood and 
tissues in experimental dehydration m puppies, and suggested that here too 
death might be due to the same disturbance in the osmotic pressure of the 
tissues. EUdngton & Taffel’s [1942] observations on dehydrated dogs lend 
some support to this suggestion, for the increase in the total ionic concentra- 
tion of the body fluids was greatest in the animals which died or became 
moribund. It would be unreasonable to expect absolutely definite indications 
of the cause of death in dehydration from experiments such as these lasting 
but 3 or 4 days, since it is known that men may survive on very small amounts 
of water for several weeks. Within the limits imposed by human experiments, 
however, the present findings support the conclusions of Kerpel-Eronius that 
death from gradual dehydration may be due to the increased osmotic pressure 
of the body. 

SuMMiRT 

1- Balance experiments have been carried out on two men before, during and 
ofter a period of experimental dehydration, 

2. During dehydration there was no reduction in the plasma volume. The 
®erum Ea rose and the serum K fell. 

3. Dehydration increased the amoimt of urea produced by the body ' 

4. The men lost over 3600 c.c. of their body water, but none of the Na from 
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their extracellular fluids and only a little of the K from their celluk 
fluids. 


6. The osmotic pressure of the body rose, and it is considered that this ma 
be ^he cause of death in dehydration. 

The authors are much indebted to J. H. for his services, and W. F. Y. to the Medical Eesean 
Council for a personal grant. 
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Pnnctional studies of the kidney have usually been made while subjects have 
been passing large volumes of urine. Admittedly, the general characteristics 
of urine passed during short periods of water restriction are well known, and 
a number of clinical tests have been devised based upon the capacity of a 
person when so restricted to produce a concentrated urine. On the whole, 
these tests have not contributed much to our knowledge of renal physiology 
and will not be discussed. A few people, however [Adolph, 1921, 1923; CoUer 
k Haddock, 1933; Chesley, 1938; Nadal, Pedersen & Maddock, 1941], have 
braved the difficulties and planned experiments which allowed them to in- 
vestigate the secretion of urine when the intake of water was low. The know- 
ledge accumulated by these and other workers may be summarized as follows. 

If in a temperate climate the total intake of water, including water of 
metabolism, is less than 1500 c.c./day, the volume of urine is small, and it is 
highly concentrated, but even in complete water deprivation some urine is 
secreted. This has a specific gravity of over 1030 if the concentrating ability 
of the kidney is normal, and it contains 6-8 g, of solids per 100 c.c. [Lashmet 
& Newburgh, 1932]. Coller & Maddock [1935] considered that the total solids 
to be excreted were of the order-of 35-40 g./day, and that, therefore, 500 c.c. 
of urine per day were needed to carry off the waste products of the body. 
Chesley [1938] found that below a critical volume of 21-30 c.c./hr. the total 
solids n-ere always concentrated by the kidney to the same extent, which 
^as the maximum extent of which that kidney was capable, so that the 
amount of them excreted depended mainly upon the volume of the urine. 
He also showed that below this critical volume the concentrations of urea 
ond endogenous creatinine were always the same, and he therefore held that 
the clearances of these substances varied exactly with the output of water at 
fbese low volumes. He considered that his findings demonstrated a direct 
relationship between the glomerular filtration rate and the rate of urine flow. 
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but be did not measure the filtration rate by estimating the inulin clearances. 
There were no records of this having been done in dehydrated persons, but 
Shannon [1936] has estimated the creatinine clearances in dogs at very low 
rates of urine flow. In this species the creatinine and inulin clearances Lave 
the^ same value, and Shaimon found that there was a tendency for these 
clearances to fall when the minute volume of the urine was reduced below 
0’6 c.c. but not by more than 10-20%. If the animal had been deprived ol 
water for 24 hr. and had become dehydrated, the creatinine clearances were 
sometimes lower than they had been earlier in the experiment at comparable 
rates of urine 'flow. 

The present investigation was prompted by the fact that the vicissitudes 
of war were forcing people to live and work in places where they were ex- 
tremely short of water. Little was known about the way in which the healthy 
kidney reacted to dehydration, and, since this was a matter of cardina 
importance, it was decided to study it. To do so, normal men and women 
were dehydrated experimentally by depriving them of water, and the funetions 
of their kidneys were studied in various ways and under varying degrees o 
bodily hydration. Some of the experiments have embraced prehminary days 
on a standardised diet, 3 or 4 days of dehydration, and a period of rehydration. 
They have been designed to study the effects of food, water and salt upon 
the daily output of the kidney and they therefore necessarily involve t e 
continuous collection of the excreta. Other experiments, plaimed for « 
study of glomerular filtration rates or to follow the effects of large doses o 
urea, Na and K salts, have lasted only a few hours, and, except for ^ 
dehydrating diet, the subjects have not necessarily been burdened wit mu 
experimental control except at these times. 


Subject and methods 

In aU, twelve persons have been dehydrated, ten men and two womem ^ 
ages have ranged from 20 to 43. The usual practice has been for e 
drink no water for 84, or in one case 108 hr., and to eat only dry oo 
as biscuits, chocolate and potato crisps, but the dietary ingre eri 
varied with the dictates of the particular study. Two of the meta o 
periments have been described in some detail [Black, McCance & gg^ts 

the necessary information about the others will be given when 

are being set out. rr w method 

Tnniin was determined both in urine and plasma by an unpu ® whes 

devised by S. W. Cole. This depends upon the colour nditiouB. 

fructose, SCI and resorcinol are heated together under stan ar ^ 
Eesorcinol is a more satisfactory and sensitive reagent than p . 

The intensity of the colour was measured in a uiement 

Diodone was determined by Alpert’s [1941] method. Bor 
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of tte glomerular filtration rates and renal plasma flows in the hydrated 
subjects, SK) g. of innlin and 2'0 c.c. of diodone were injected intiavenonsly 
as a priming solution [Smith, Goldring & Chasis, 193SJ in 2*5 c.c. of normal 
saline. This was followed hy a maintenance infusion which contained 4‘0 g. 
of in nlin and 6‘0 C.C. of diodone in 50 c.c. of ‘normal saline. In all these 
experiments the subjects emptied their bladders after the maintenance infusion 
had been running for about 20 min. The exact time was noted, and then at 
intervals of about 30 min. the subjects emptied their bladders voluntarily till 
two or three samples had been collected. They found no difficulty in doing this. 
To assist them the maintenance infusion was stopped for 1 or 2 min. and the 
subjects voided their urine standing in the natural position. Men only were 
used for these experiments. The blood for analysis was taken by vein puncture 
midway between one urine collection and the next. 

Griae samples were preserved with toluene, ‘weighed solids’ were deter- 
mined by weighing the residue after 5 c.c. of urine had been dried over- 
night at 93" C. The same pipette was always used for these measurements. 
The chlorides in the plasma were determined by Sendroy’s [1937] iodine 
titration method Chlorides in the urine, urea. ISa, K, phosphates and other 
radicles were determined by the methods given by McCance [1937] and 
McCance k Widdowson [1937]. 

PbESESTATIOX XXD Discrssiox OF THE EEStnCTS 
The inulin and diodone clearances 

These results have already been reported in a brief note [Black, McCance k 
Toung, 1942].^ It is only necessary here to state that dehydration, uncompli- 
cated by starvation but sufficiently severe to make the subjects lose 4-7 % 
of their body weight, slightly reduced the innlin clearances of three subjects 
and made no difference to a fourth. At the same time dehydration appeared 
to increase the diodone clearances of three of the men and to bring about a 
amall fall in one. It is evident therefore that the glomerular filtration rates 
of these men, and also their renal plasma flows, were little changed by their 
dehydration. These are important points, not only in themselves but because 
they mean that the changes which characterize the urine during dehvdration 
of this severity must be essentially the result of alterations in tubular activitv. 

The effects of large doses of XaCl, KCl and urea 
In general, all these experiments were carried out in the same wav. On 
ffie morning after a normal evening meal and night, a strong solution'of the 
salt was administered, and the effect upon the volume of the urine and upon 
composition of the plasma was followed during the next few hours. The 
Eobject was then dehydrated for 3 days in the way already described, the 
solution was given and, as before, the plasma and urine were collected 
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periodically for some hours. Somewhat similar experiments were carried out 
by Adolph [1921], but at that time no samples of blood appear to have been 
taken for analysis, and very little data about the lirine were given. 

(a) NaCl. Two persons were used for these tests and both responded in 
the same way, so the results for only one of them will be described. Miss H. 
drank 600 c.c. of a solution containing 18 g. NaCl on each occasion and a 
summary of the findings is given in Table 1. It will be noted that the effect 


Table 1. The effect of taking 600 o.o. of 3-8% NaCl on the 
Becretion of urine during dehydration 


Urine volume Urine urea Urine Na Urine K U/P orotic 

o.o./min. m.mol./l. m.eq./L m.eq./l. 

r. ^ A . ' 


Time 

Nor- 

mal 

Dehy- 

drated 

Nor- 

mal 

% 

Dehy- 

drated 

i 

Nor- 

ma] 

\r 

Dehy- 

drated 

Nor- 

mal 

Dehy- 

drate 

Nor- 

mal 

Dehy- 

diated 

Before salt 

0-46 

0-36 

490 

688 

148 

205 

136 

69 

310 

4-24 

3-23 

3-36 

After salt 1 

1-93 

1-60 

178 

280 

249 

305 

69 

61 

2-61 

After salt 2 

1-67 

1-65 

213 

236 

269 

322 

97 

36 

2-77 


* TT/P H — ot nrea+2 (m.eq. of Na+K) in the urine ^ 

/ ra o — jjj ^ 2 (m.eq. of Na + K) in the plasma 


of the salt solution tt^as essentially the same when she was normal and e 
hydrated and consisted in; (1) A diuresis. (2) A fall in the concentration o 
urea in the urine. This was partly a dilution effect due to the forced diniesis. 
From the data given, however, it will be clear that there was a rise in t e 
output of urea per minute, the restilt presumably of the increased output o 
water, for it is well known that the magnitude of the urea clearance 
upon the rate of excretion of water. (3) A rise in the concentration ^ ^ 
the urine. This corresponded to a rise in the serum Na which* went up ^ 
320 to 328 mg./lOO c.c. when Miss H. was ‘normal’, and from 328 to 
when she was dehydrated. (4) A fall in the concentration of K in the 
but a small one relative to the increase in the noinute volume. It was 
observed when the other subject was fully hydrated. Since Ae 
output of water never led to the expected fall in the concentration of 
urine, and once to no fall at all, it is evident that the excretion of K was ^ 
regulated by several factors (see later). (5) A fall in the osmotic U/P 
was not expected, but it seems to be a general finding in this type o 
if the output of water is initially low. . , 

(b) KOI. M.T. took 12 g. of KCI by mouth in 100 c.c. of water, once 
he was normally hydrated and once when he had lost about ^ /o ® 
weight by dehydration. His results are given in Table 2. It ® 

M.T. reacted to the KCI in very much the same way on ° ’ jg .2 

the changes in his senun K were also identical, the fasting va ues e 
and 15-4 mg./lOO c.c. and the figures IJ hr. later 20-2 and 20- mgV 
The only finding which needs individual comment is the 
which was evidently accelerated on both days by taking t e 
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Table 2. The effect of KCl on the secretion of mine during dehydration 


Urine Yolnme Urine E Urine Ea Urine 

o.c./min. m.eq./L m.eq.fl. m.mol./l. 

A A , , A , ,, ' 


r 

Nor- 

Dehy- 

' Nor- 

Dehy- 

Nor- 

Dehy- 

Nor- 

Dehy- 

Time 

mal 

drated 

mal 

drated 

mal 

drat^ 

mal 

drated 

Before KCl 

0-80 

0-54 

69 

97 

115 

149 

372 

357 

After Kai 

4-20 

3-30 

110 

121 

167 

145 

90 

97 

After KCl 2 

2-82 

1-80 

131 

205 

148 

124 

150 

155 


U/P osmotic 
ratio 

(see Table 1) 

■■ 

Nor- Dehy- 
mal drated 

2-45 2-80 

2-05 2-05 

2-25 2-GO 


iDterrelatioiisMp between the excretions of Na and K which prevented a 
greater fall in the concentration of K in Miss H.’s urine during her salt 
diuresis and made M.T. when normally hydrated secrete a higher instead of 
a lower concentration of Na in his urine (Table 2). As in Table 1 the fall in 
the osmotic U/P ratio will be noted. 

(c) Urea. 35 g. of urea dissolved in 350 c.c. of water were slowly injected 
intravenously into Miss T. The time taken over this operation was about 
40 min. Table 3 shdwsTfiS^ffect. It will be seen that; (1) There was a rise 


Table 3. The effect of giving 35 g. of urea in 350 o.c. of water intravenoualy 

U/P osmotic 

Serum urea Urine volume Urine urea Urine Na ratio 



m.mol./l. 

o.o./min. 

A 

m.moL/1. 

A 

m.eq./l. 

A 

(see Table 1) 

A 


Nor- 

Dehy- 

Nor- 

Dehy- 

'Nor- 

Dehy- 

1 S 

Nor- Dehy- 

Nor- 

Dehy- 

lime 

mal 

drated 

mal 

drated 

mal 

drated 

mal drat^ 

mal 

drated 

Before injection 

4-4 

6-0 

0-48 

0-29 

357 

487 

120 125 

2-55 

3-05 

After injection 1 

18-7 

21-3 

2-05 

0-97 

533 

742 

54 15 

2-25 

2-65 

After injection 2 

17-3 

19-3 

2-41 

0-8S 

450 

792 

99 17 

2-2S 

2-71 


in the output of water on both occasions, but a smaller one during dehydra- 
tion. (2) There was a similar rise in the serum urea on the two occasions. 
This was accompanied by am increase in the concentration of urea in the 
none. (3) There was a fall in the concentration of Na in the urine. The 
increase in the urine volume was enough to explain this when Miss T. was 
normally hydrated but not when she was dehydrated, and this fall in the 
output of Na was accompanied by an equally great fall in the output of Cl. The 
serum Na did not change, but the serum Cl fell from 391 to 359 mg./lOO c.c. 
'!fhen Miss T. was dehydrated, and these changes are probably examples of 
the ability of urea to produce an alkalosis, a phenomenon which was at one 
rime briefly reported by Adolph 5,926]. The fall in the serum C3 was probably 
the cause of the diminished excretion of Cl but the Na results arc not so easily 
explained. (4) The U/P osmotic ratio fell on both occasions. 

A diuresis due to a hypertonic solution might have been expected to take 
place in a dehydrated person without a fall in the osmotic pressure of the 
wme or m the U/P osmotic ratio, but the present experiments have all shown 
that imder such conditions the U/P osmotic ratios do fab. It is difficult to 
explain this observation because it is not known what controls the output 
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of water when the kidney is secreting a nrine with the highest specific 
gravity of which it is capable. It may be the total osmotic pressure of 
the urine; it may be the concentration of some specific ingredient. Chaussin 
[1920], Adolph [1923] and others [Baird & Haldane, 1922; Davies, Haldane 
& Peskett, 1922] have all considered this problem, and it will be mentioned 
again later. Be that as it may, the present results are in complete agreement 
with those of Adolph [1923] and show that dehydrated and normal persons 
react in essentially the same way to these osmotic violations of their internal 
environment. The kidney commences at once to excrete the NaCl, KCl or 
urea, but because of its weU-known osmotic hmitations it is obvious that it 
would be forced to draw upon water already present in the body in order to 
do so completely. Thus the administration of much of a solution more con- 
centrated than the kidney can excrete will inevitably make a person more 
dehydrated. The salt may be excreted, in which case water already in the 
body will be excreted with it. If, however, the salt is retained, the osmotic 
pressure of the body, already higher than normal, will be raised stiU more. 
The difference between the osmotic pressure of the administered solution, 
however, and that of concentrated human urine is no direct indication of the 


harm which its ingestion is hkely to produce. 

In one respect the experiments with NaCl and KCl make an interestmg 
contrast with the one in which urea was used. No new principles are involv ^ , 
but it will be noted that in the two former there was a considerable rise m 
the concentration of Na and K in the urine, but the changes-in the plasms 


were relatively small. Consequently, the U/P ratios of the ingested ion r^^^ 
In the urea experiment there was a large rise in the concentration m 
plasma, and consequently, although the urinary concentrations also rose, 
U/P ratio fell — and fell, moreover, to less than half its original value. 


24 hr. volumes and total solids 

The volumes of urine passed daily by these subjects during dehydrati ^ 
varied from 335 to 864 c.o., i.e. from 0-23 to 0’59 c.c./min., but o J 
one occasion did the minute volume exceed 0’48 c.c. Chesley [1938] o 
volumes as low as 0-156 c.c./min. following complete abstinence 
for 30-60 hr. The lowest volume passed 1^ Nadal, Pedersen & , jj.ig 

[1941] fasting subject in ’24 hr. was 409 c.c., but one of CoUer ® 

[1935] volunteers secreted only 273 c.c. in 24 hr. when he was ta ^ g 
maintenance diet. Table 4 shows the daily urine output of two noted 

were carrying out balance experiments [Black et al. 1944]. f 

that the output of water fell on the first day of the dehydration peno^ 
then remained very constant. On this first day the sum ^ ® 
mineral substances excreted was less than the quantity ^ ^ r 

person was hydrated. This was largely due to a fall in the outpu 
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Table 4. The egect of dehydration npon the specific gravity of the nrine 
and upon the excretion of urea, minerals and total solids 


Day 


Prelim, average 

Dehydr. 1 
2 
3 

Eehydr. 1 
2 
3 


Prelim, average 
Dehydr. 1 
2 

3 

4 

Rehydr. 1 
2 
3 


■Drine 

volume 

c.c./day 

Specific 

gravity 

■Weighed solids 

Urea, and 
minerals* 
g-/day 

Urea 

g./lOO c.c. 

E-/day 

g-/daj- 

1931 

Subject D.B. 

1012 2 0 

39 

34 

20 

666 

1030 

6-3 

33 

29 

15 

652 

1033 

7-2 

47 

36 

21 

615 

1037 

8-7 

65 

3S 

24 

597 

1033 

7-6 

45 

39 

27 

1195 

1015 

37 

44 

31 

26 

1886 

1012 

2-2 

42 

36 

22 

1935 

Subject J.H. 

1012 1-6 

31 

26 

16 

670 

1035 

6-3 

30 

22 

13 

690 

1034 

5-4 

32 

30 

19 

695 

1034 

6-0 

33 

30 

20 

605 

1035 

6-3 

38 

32 

21 

506 

1036 

7-1 

36 

26 

20 

1746 

1010 

— 

— 

31 

23 

1990 

1010 

1-8 

36 

30 

18 


• 3fa+K.^Ca-Mg + Cl+P 04 +S 04 . 


Oa the second and subsequent days of dehydration, however, both men 
excreted more urea, and these findings confirm those of Collet &; Maddock 
[1935], There was little change in the daily excretion of mineral substances 
dating these dehydration periods QBlack el al. 1944]. In D.B. the output of 
‘■weighed solids’ increased considerably more than that of urea and minerals 
as dehydration progressed, and it remained high on the rehydration days. 
The increase in the undeter min ed fraction of the weighed solids accounted 
for the rise in the specific gra'vity of the nrine on the second and third days 
of D.B.’s dehydration. Price, Miller & Hayman [1940] have shown that the 
proportion of the specific gravity accounted for by measuring the niea, 
ci^tmine and all the inorganic salts varies from 70 to 90% according to the 
amount of piotein in the food. Although the same diet was given to the 
present subjects thcougbout tbe experiments, there was evidence that their 
endogenous metabolism altered during the period of dehydration [Black el al. 
1944], and this may have been the cause of the increased excretion of imde- 
termined sohds. 


Effects produced bp controlled rebydration 

Table 5 shows the effects of controlled xehydration npon the volume of the 
^e and upon two of its constituents. All these subjects were on standardized 
«ets before, during and after the days nnder discussion. The nature and 
object of the experiments on G.L., O.S. and P.B. will he described later. It 
^ he noted that a huge increase in the consnmption of water invariably led 
0 a fall in the output of water. This observation, which seems very remarkable 
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of water when the kidney is secreting a urine with the highest specific 
gravity of which it is capable. It may be the total osmotic pressure of 
the urine; it may be the concentration of some specific ingredient. Chaussiu 
[1920], Adolph [1923] and others [Baird & Haldane, 1922; Davies, Haldane 
& Peskett, -1922] have all considered this problem, and it wLU be mentioned 
again later. Be that as it may, the present results are in complete agreement 
with those of Adolph [1923] and show that dehydrated and normal persons 
react in essentially the same way to these osmotic violations of their internal 
environment. The kidney commences at once to excrete the NaCl, KCl or 
urea, but because of its weU-known osmotic hmitations it is obvious that it 
would be forced to draw upon water already present in the body in order to 
do so completely. Thus the administration of much of a solution more con- 
centrated than the kidney can excrete will inevitably make a person more 
dehydrated. The salt may be excreted, in which case water already in the 
body will be excreted with it. If, however, the salt is retained, the osmotic 
pressure of the body, already higher than normal, wiU be raised stiU more. 
The difference between the osmotic pressure of the administered solution, 
however, and that of concentrated human urine is no direct indication of the 
harm which its ingestion is likely to produce. 

In one respect the experiments with NaCl and KCl make an interesting 
contrast with the one in which urea was used. No new principles are involved, 
but it will be noted that in the two former there was a considerable rise in 
the concentration of Na and K in the urine, but the changes- in the plasma 
were relatively small. Consequently, the U/P ratios of the ingested ion r^^ 
In the urea experiment there was a large rise in the concentration m 
plasma, and consequently, although the urinary concentrations also rose, 
U/P ratio fell — and fell, moreover, to less than half its original value. 


24 Ar. volumes and total solids 

The volumes of urine passed daily by these subjects during dehydmti 
varied from 335 to 864 c.c., i.e. from 0-23 to 0-69 c.c./min., but o J 
one occasion did the minute volume exceed 0‘48 c.c. Chesley [1938] oun^ 
volumes as low as 0‘156 c.c./min. following complete abstinence 
for 30-60 hr. The lowest volume passed hy Nadal, Pedersen & 

[1941] fasting subject in '24 hr. was 409 c.c., but one of CoUer ^ ^ 

[1936] volunteers secreted only 273 c.c. in 24 hr. when he was ta ^ 
maintenance diet. Table 4 shows the daily urine output of two noted 

were carrying out balance experiments [Black et al. 1944]. 
that the output of water fell on the first day of the dehydration 
then remained very constant. On this first day the sum ^ ® 
mineral substances excreted was less than the quantity passe w e 
person was hydrated. This was largely due to a fall in the outpu 



421 


SEOBETION OF UBINE 


TiBtE i. The effect of dehydration upon the specific gravity of the nrine 
and npon the excretion of nrea, minerahs and total Eolids 


Day 

Trelim. average 

Dehydr. 1 
2 
3 

ffehydr. 1 
2 
3 


PreKin. average 
Dehydr. 1 
2 
3 
i 

Behydr. 1 


Urine 

volume 

c.c./d»y 

Specific 

gravity 

Weighed solids 

.4. . . 

Urea and 
niiiicrals* 

Urea 

/ 

g./lOO c.c. 

g-/day 

g-/<lay 

g-/day 

1931 

Subject D.B. 

1012 2-0 

39 

34 

20 

666 

1030 

5-3 

35 

29 

15 

652 

1033 

7-2 

47 

36 

21 

615 

1037 

8-7 

65 

3S 

24 

597 

1033 

7-6 

45 

39 

27 

1195 

1015 

3-7 

44 

31 

26 

18S6 

1012 

2-2 

42 

36 

on 

1935 

Subject J.H. 

1012 1-6 

31 

26 

IS 

570 

1035 

5-3 

30 

22 

13 

590 

1034 

5-4 

32 

30 

19 

595 

1034 

5-5 

33 

30 

20 

605 

1035 

6-3 

3S 

32 

21 

506 

1036 

7-1 

36 

26 

20 

1746 

1010 

— 

— 

31 

23 

1990 

1010 

1-8 

36 

30 

IS 

« 

Xa K Ca + Mg Cl + POi + SO^ . 




On the second and subsequent days of dehydration, hotvever, both men 
excreted more urea, and these findings confirm those of CoUer & Maddobk 
[1935]. There was little change in the daily excretion of mineral substances 
during these dehydration periods [Black et aL 1944]. In D.B. the output of 
weighed solids’ increased considerably more than that of urea and minerals 
^ dehydration progressed, and it remained high on the rehydration days. 
Tie increase in the undetermined fraction of the weighed solids accounted 
for the rise in the specific gravity of the urine on the second and third days 
of B.B.’s dehydration. Price, Miller & Hayman [1940] have shown that the 
proportion of the specific gravity accounted for by measuring the urea, 
ci^tinine and all the inorganic salts varies from 70 to 90% according to the 
amount of protein in the food. Although the same diet was given to the 
present subjects throughout the experiments, there was evidence that their 
endogenous metabolism altered during the period of dehydration [Black et al. 
1914], and this may have been the cause of the increased excretion of unde- 
termined solids. 


Effects f reduced by controlled rehydration 

Table 5 shows the effects of controlled rehydration npon the volume of the 
and upon two of its constituents. All these subj ects were on standardized 
ets before, during and after the days under discussion. The nature and 
^ect of the experiments on G.L., O.S. and P.B. will be described later. It 
be noted that a huge increase in the consumption of water invariably led 
0 a fall in the output of water. This observation, which seems very remarkable 
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Table 5. The effect of controlled rehydration upon the volnme of the nrine 
and the percentage of nrea and of chlorides in it 


Subject 

Intake of water 
+ water of 
metaboliam 
C.0./24 hr. 

D.B. 

D* 

680 


A* 

6230 

J.H. • 

D 

474 


A 

3804 

G.L. 

D 

400 

(High salt intake) 

A 

3100 

G.L. 

D 

400 

(Low Balt intake) 

A 

3120 

O.S. 

D 

400 


A 

2950 

P.B. 

D 

400 


A 

4390 


* D =dnring the last 24 hr. of dehydration; 


Urine 

volnme 

Urea 

a 

0.0./24 hr. 

mg./lOO 0.0. 

mg./lOO oj). 

616 

3980 

777 

697 

4600 

434 

605 

3450 

930 

606 

3900 

605 

636 

2680 

1230 

610 

3140 

1000 

426 

4170 

870 

420 

4370 

318 

690 

1840 

1320 

610 

2690 

945 

720 

2630 

1316 

607 

3730 

580 

= during the first 24 hr, after 

rehydration begin 


•at first sight, was made by CoUer & Maddock [1936], but they do not app^ 
to have realized its significance. The effect, wbiob is always coupled wit 
fall in the concentration of urinary Cl and a rise in the concentration of wes 
can he produced moat easily when the diet contains 9 g. or more of salt a j 
but G. L. showed it even when there was a much smaller quantity in his o 
In all these subjects the concentration of urea in the urine was higher on 
first day of rehydration than on any preceding one. The output of urea som^ 
times rose and sometimes feU according to the magmtude of the fall in 
volume of the urine and the rise in the percentage of urea in it. As boo 
rehydration was completed the urine volumes became as great as t ey 
been during the preliminary period. 


Salt intalces and urine volumes 

It will be seen in Table 4 that when D.B. and J.H. were dehydrated 
were both passing comparatively large volumes of urine, and 
the main reason for their size might be the amount of salt and nitr g 
matter which the subjects had consumed. To test this the ° 
ment was arranged. Three subjects were placed upon a sta^a e ^ 

which contained little salt. For the first 3 days G.L. and . • .(dished 
NaCl additional to their food and aU drank as much water 
On days 4, 6 and 6 aU the subjects abstained from water but 
intakes of food and salt. On day 7 aU the subjects rehy ^ 

On day 8 G.L. and P.B. gave up taking the added 0- 

do so, and on this and the following day a free mtake of gjj j o 

On day 10 the second dehydration period began laste 
day 12. The last day was again devoted to studying re y a 
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results of this experiment are shewn in Table 6.. and the influence of the salt 
intake on the urine volume is clearly demonstrated by the first two columns. 
The same effect is shown by G.L.'s results in Table p. 


Tictt- 6. Tie effect of tie intake of salt upon the volume, specific gravitv, osmotic pressure 
and the urea-mineral relationships of tie urine 


Average urine Avera^ cone. Average cone, 

volume Average specific of Cl of urea 

c.c./dav gr a r i ty m.eq./L m.moL/L 


1 

Subject 

Low 

salt 

Hisk 

salt 

Low 

salt 

Higli 

salt 

Low 

salt 

High 

Low 

salt 

Higli 

salt 

G.L 

413 

700 

1035 

1031 

163 

332 

620 

356 

O.S. 

371 

Slo 

1033 

1033 

118 

344 

507 

227 

P.B. 

365 

633 

1035 

1034 

164 

339 

564 

3S6 


The urea clearances 


Average cone, of 
urea -f 2 (Xa-rK) 
m.osmoL/1. 

Loir 
salt 

1019 
890 
lOSO 


High 

salt 

1036 

993 

1160 


Table 7 shows some data about the excretion of urea by D.B. and J.H. 
S unilnr figures could have been given for the other subjects. It will be noted 
that with the onset of dehydration the clearances (UT /B) fell, and that as 


Ti-rt.t 7. Tie effect of dehydration and partial rehydration upon the 
treatment of urea hy the kidney 




Urine 

Blood 

Urine 

U/P 

Urea 

Urine 


Day of 

volume 

urea 

uiea 

mea 

clearance 

cMoride 

Sabject 

eip. 

c.c./min. 

mg./lOO c.c. 

mg./lOO c.c. 

ratio 

c:.c./mm. 

m.eq./L 

D.B. 

Prelim, av. 

1-34 

33 

1040 

32 

424) 

86 


Dehvdr. 1 

0-46 

40 

2210 

55 

26-0 

217 


■ ‘ 2 

0-45 

54 

3230 

60 

27-0 

202 


3 

0-43 

5S 

39SO 

69 

29-5 

219 


Behydr. 1 

041 

50 

4600 

92 

3S-0 

122 

J.H. 

Prelim, 

1-34 

20 

780 

3S 

52-0 

77 


Dehydr, 1 

0-40 

2S 

2250 

SI 

31-8 

26S 


2 

0-41 

42 

3200 

77 

314 

246 


3 

041 

44 

3400 

77 

31-3 

244 


4 

0-42 

47 

3450 

74 

30-2 

263 


Reliydr, 1 

0-35 

45 

3900 

ST 

30-5 

170 


dehydration progressed the blood ureas rose but the clearances did not change 
again. Urea clearances are well known to vary with the urine volumes when 
these are less than 2-0 c.c./min. Incidentally, this is equaHv true for de- 
hydrated as for normal persons, for when Miss H., M.T. and other dehydrated 
subjects took large doses of hypertonic salt (Tables 1 and 2), the resulting 
diuresis always raised the urea clearances in the characteristic fashion. It 
■^as, therefore, the fall in the output of water with the onset of dehydration 
■''■hich reduced the urea clearances of D.B. and J.H. and hence (see Table 4) 
the total amount of urea excreted. The urea which was retained accumulated 
in the body fluids, and raised the concentration in the blood. This in turn 
allowed the output to rise without any change taking place in the clearances, 
‘-ome part of the rise in the blood urea during dehydration was due to the 

27—2 
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increased production of urea wliicli was taking place at that time [Black del. 
1944], and it was presumably this extra production which forced the outputs 
to rise above their pre-dehydration levels. It wiU be appreciated from Table 7 
that throughout the 3 or 4 days of dehydration the percentage of urea in the 
urine rose pari passu with that in the blood. Had it not done so the U/P 
urea ratio and the clearances would have fallen. There is no evidence that 
either D.B. or J.H. ever produced the highest concentration of urinary urea 
of which they were capable, and it must remain uncertain how much further 
they could have raised the percentage of urea in their urines under the con- 
ditions to which they were subjected at that time. The administration of urea 
to Miss T. when she was dehydrated, however, probably raised the concen- 
tration of urea in her urine to its maximuTn , for in spite of a rise in unnc 
volume her urea clearances remained low until the blood urea began to fall. 

The most interesting figures in Table 7 are those for the first day of re 
hydration. In spite of a fall in urine volume D. B.’s clearance rose and J.H. £ 
did not faU. The percentage of urea in the plasma fell and that in the unnt 
<rose, and both these changes increased the U/P ratio. These increases, couplet 
with a fall in the minute volume of the urine, are a direct refutation ol 
Chesley’s [1938] contention that when the urine flows are reduced below £ 
certain 'critical’ limi t, the iirea clearances and the urine volumes neoessanlj 
vary together. 

A general explanation of these findings wiU now be given, but there ^ 
many difficult points stiH to be cleared up. {a} The volume of the urine vari 
with the intake of salt (Table 6), or, more precisely, with the amount enteii^ 
the distal part of the nephron [Shannon, 1942 a, 6], where there seems to 
a limiting concentration for chloride [Adolph, 1921; Baird <fc Haldane, 192 . 
and for other osmoticaUy active substances [Davies, Haldane & Peskett, 1922] 
Table 7 shows that in D. B. and J. H. the urinary Cl reached its ceding on t ^ 
first day of dehydration. These concentrations were not so high as t c 
‘maximum’ set up by Miss H. or by Davies et al. [1922] subject after larg£ 
doses of NaCl by mouth; neither were they so high as the concentraboD 
produced by 0. S., G. L. and P. B. on their high salt diets. J. H., moreover, one 
morning some time after this experiment took 20 g. of NaCl in 400 c.c. 
water and subsequently excreted 1-14% of Cl in his urine (322 m.eq./l-)- 
may be assumed therefore that both men could have produced higher 
trations of Cl in the urine given the appropriate conditions. Nevertheless, ^ 
effects of rehydration show that the amount of salt to be excreted must 
been one of the agents fixin g and maintaining the output of water 
the days of dehydration. With the onset of rehydration the concentration 
chloride in the plasma feU and presumably less reached the distal part o 
nephron. Possibly also there was some change in the hormone a 
aU events, so much less Cl presented itself for excretion that t e outpu 
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water fell as did tlie parrcentage of Cl in tliat water (Table T). This last enabled 
tbe kidney to raise tbe concentration of nrea [Cbanssin, 1920]. (6) Shannon 
[1936] showed that the glomerular filtration rates (measured by the creatinine 
clearances) and the nrea clearances of dogs tended to increase with rehydration 
even before the urine volumes began to rise. He found too that the uiea/crea- 
tiaine clearance ratios were higher during rehydration than in dehydration. 
H the kidneys of our subjects were responding to rehydration in the same 
way, one or both of these changes may have accounted for the rise in D.B.’s 
area clearance on the first day of rehydration. In keeping with this is the 
fact that D.B.’s glomerular filtration rate did faU shghtly during dehydration 
and presumably therefore may have returned to normal when rehydration 
began. 

The excretion of the minerals 

It was shown in the balance experiments [Black et al. 1944], and in Table 4, 
that the output of Na, K and Cl and of total minerals changed Kttle during^ 
dehydration. Table 8 now shows that D.B.’s output of Na per litre of urine 

Table 8. The lelatioaahip of nrin© volume, and plasma levels 
to the esoretion of Na, K. and Cl 


Plasma TJrine 


Day of 

Na 

K 

a 

Na 

K 

Cl 

mg-/ 

nig-/ 

mg./ 

Volume mg./ 

mg./ 

mg./ 

erp. 

100 c.c. 

100 c.o. 

100 c.c. 

o.c./day 100 c.c. 

100 c.c. 

100 0.0, 

Prelun. average 

340 

19-3 

377 

1931 184 

107 

301 

Dehydr. 1 

346 

19-0 

388 

668 370 

470 

769 

3 

369 

16-1 

406 

616 483 

620 

777 

Reliydr. 1 

364 

16-0 

360 

697 332 

336 

434 

2 

340 

16-6 

374 

1888 137 

129 

256 


is higher on the third day of dehydration than it had been on the first, 
fis may reflect the rise in the serum Na, but the concentration of K was 
so higher in spite of a fall in the serum K. Furthermore, on the first day of 
hydration the percentage of K in the urine fell greatly although the serum K 
as rising, and the urinary concentration of Na was lower than it had been 
a the first day of dehydration, although the serum Na was stiU above its 
ormal level at that time. It is obvious, therefore, that the excretion of these 
unerals was not regulated, as was that of urea, simply by their concentra- 
lons m the plasma. Recent work, reviewed by Shannon [19426], has indicated 
tat so fat as NaCl is concerned the suprarenal and gonadal hormones, and 
te anti-diuretic hormone of the pituitary, may all be involved. 
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The relatimishi'p between the excretion of osmoiicaUy active 
substances and the urine volume 

It has generally been assumed [Smith, 1937] that the extent to which the 
urine can be concentrated is limited by the total osmotic pressure which it 
exerts. A more complicated but possibly more correct view may be that the 
Hnuting factor is the sum of the U/P ratios of aU the urinary constituents. 
The reciprocity between Cl and urea, which was so assiduously studied by 
Chaussin [1920], can most easily be explained along such lines. The effect of 
controlled rehydration, moreover (Tables 4, 6 and 7), and the effects of salt 
(Table 6), can be accounted for best in that way. There is some evidence, 
however, which suggests that it is more often the specific effect of one of the 
urinary constituents which fixes the volume [Adolph, 1923]. The concentra- 
tion of urea in human urine, for instance, seldom exceeds 4 % , and it is well 
known [Davies et al. 1922] that there is a ceiling for Cl, or for Cl and HCOj, 
iind that a diuresis results if the kidney is called upon to excrete more of these 
substances than it can accommodate in the volume of urine suggested by the 
water requirements of the body at that time. These two mechanisms are not 
incompatible and, given the appropriate conditions, either could probably he 
reproduced in the same person. In other words, both operate. According to 
some authors, however [Baird & Haldane, 1922; Davies ei al. 1922; Gilman 
& Eddd, 1938], the maximum concentrations of Cl and of urea may coexi^. 
The present experiments suggest that they can only do so under very special 
conditions. The experiment, which is illustrated in Table 6, showed that the 
addition of 10 g. of NaCl to the diet increased the urine volumes by about 
300 c.c. • (Incidentally this volume was insufficient to accommodate 10 g- of 
NaCl even at the maximum concentration of about 2 % (342 m.eq./l-)- 
fully 10 g. of NaCl were excreted when the intake of salt was raised, and 
considerably more than had been excreted when the intake of salt was low. 
The two facts which integrate these observations are: (1) when the subjects 
were on a low salt intake the concentration of Na in the unne was far below 
the maximum ; (2) when the intake of salt was high the total volume of 
urine was always more than enough to accommodate 10 g. of NaCl at e 
accepted maximum concentrations.) It is evident, therefore, that the a 
to be excreted was one of the factors fixin g the urine volumes when the inta 'e 
of salt was high, and, since at that time the urinary conteentrations were 
roimd about the highest which the body can produce, the Cl to be excrete 
may have been the only factor controlling the output of water. The 
experiments do not point to any one substance as being solely respond e 
fixin g the urine volumes when the intake of salt was lower, but the e ec o 
rehydration on G.L. at that time, and upon D.B. and J.H., suggest! 
must have been playing some part. These subjects aU showed t e 
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jliaages cliaiacteristic of letydiation in controlled stages, altliongli none of 
iem iad liad TnRTiTmrm concentrations of Cl in tlieii mines dnring dekydra- 
tion (see Table 7). Fmtbermore, tbe specific gravity of tbe urines, and tbe 
average osmotic pressme exerted by tbe urea together nitb tbe Na and K 
salts, vere about tbe same vbetber tbe intakes of salt 'svere bigb or lovr (see 
Table 6). Tbe contributions of urea and of tbe minerals, bowever, varied very 
mucb, and bence it seems probable tbat tbe total osmotic pressme for these 
substances bad tbe final say in tbe volume of water to be excreted during 
dehydration. It is possible tbat, by raising tbe blood meas, ‘maximum’ 
concentrations of mea could be produced in tbe urine, and tbat tbis could be 
done without reducing tbe concentration of minerals, but tbe present experi- 
ments give no indication tbat dnring dehydration ‘maximum’ concentrations 
of urea and of minerals should be expected simultaneously. Eurtber work 
on these matters is in progress. 


Peactical coxsedeeatioxs 


S 


bearing aside tbe difi&cult points of detail which often tend to obscme tbe 
general principles, tbe present experiments clearly show tbat raising tbe salt 
intake of a person who is kept short of water makes his dehydration worse 
by increasing tbe volume -00113 urine. Diet during dehydration, therefore, 
should be as free of salt as possible and, logically, everything should be done 
to dinunisb the urinary sobds calling for excretion. Whether sea water should 
he taken by a shipwrecked mariner demands a bttle more thought, for tbis 
involves tbe consumption of water as well as salt. If tbe subjects 6.L., O.S. 
andP.B. bad taken their 10 g. of salt in tbe form of sea water (or 3‘3% NaCl), 
and if we were to consider only the increased output of water and salt and 
the volume of sea water drunk, we might reach tbe interesting if somewhat 
dangerous conclusion that tbe men would have been none tbe worse for their 
potations. Further reflexion, however, suggests tbat they would have been 
■'vorse, for their plasma sodiums, and, consequently, in all probability tbe 
osmotic pressure of their body fluids, would have been higher, and, bad they 
taken more than 10 g. of Nad, or bad their basal diets not bad very bttle salt 
in them, they would certainly have been worse, for tbe concentration of Cl in 
their urines had abeady reached its limits, and consequently the next 300 c.c. 
of sea water would have had a much more disastrous effect. 


The results of the present experiments, and a general consideration of the 
known facts about tbe specific gravity and other characteristics of the urine 
passed during a period of water deprivation, suggest tbat a dehydrated man 
can do himself no good by d ri nking Ms own nrlne. By so doing be is merely 
^king bis kidneys to repeat work wMcb they have abeady done, and cannot 
ue expected to do better. 
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SUMMABY 

1. In Iiuman dehydration produced by 3 or 4 days without water, ti 
glomemlar filtration rates and the diodone clearances feU little if at all i 
men who had lost up to 7 % of their body weights. 

2. Large doses of NaCl, KCl and urea led to diuresis even during dehydn 
tion. The increased flow of urine was accompanied by a fall in the urine/plaan 
osmotic ratio, and each •diuretic produced specific changes in the compositic 
of the plasma and the urine, 

3. When the diet was standardized the daily output of water depende 
upon the intake of salt. When this was moderately high (6-16 g./day), tl 
output of water could always be demonstrated to fall with the onset of r 
hydration, and the urine at this time contained more urea and less NaCl p 
litre than it had done during the days of dehydration. 

4. Dehydration reduced the urea clearances, mainly if not solely by r 
ducing the urine volumes. In the early stages of rehydration the clearano 
^d not fall further — and in at least one case they rose — in spite of the d 
creased output of water characteristic of that period. 

6. The output of minerals during dehydration and rehydration was regi 
lated by factors other than their concentrations in the plasma. 

6. WTien the intake of NaCl was sufficiently ^ligh the output of water ma 
have been regulated solely by the salt presenting itself for excretion, but th 
was certainly not so when the intake of salt was low. It is suggested that tl 
total osmotic pressure of the urine was responsible at all times. 

The anthore are much indebted to the subjeote for putting up with a good deal of disoomfoi 
on their behalf. W. F. T. received a personal grant from the Medioal Research Council. 
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THE RENAL FUNCTION OF NEWBORN INFANTS 

By H. heller, From the Department of Pharmacology, 

University of Bristol 

[Received 31 July 1943) 

In a lecent paper McCance & Young [1941] have shoxTO that normal infants 
aged 7-14 days excrete a urine which is persistently more dilute than that of 
adults. They have found that in premature and full-term infants the urea 
and mineral clearances are always low by adult standards [Young, Hallum & 
McCance. 1941] and that almost all the electrolytes filtered off in the 
glomeruli of many infants must be re-absorbed by the tubules. This may be 
one of the reasons why infants are unahle to increase the concentration of 
minary solutes in the way adults do when the output of urine falls. How- 
ever, a detailed analysis of the process of elaboration of urine at low minute 
volumes in newborn children would seem to suggest that the low mineral 
clearances of the infantile kidney are unlikely to be the only factor which 
operates for the excretion of a persistently dilute urine. McCance & Young’s 
work supplies evidence for the view that the proximal tubule of the infantile 
kidney is capable of reabsorbing ‘threshold* substances at a rate which, 

^ favoured by the low filtration rate characteristic for the glomerulus of the new- 
born infant, is at least equal to the reabsorptive capacity of the adult tubule, 
j It seems therefore permissible to assume that, just as in the adidt kidney, a 
I blood isotonic [Walker, Bott, Oliver & MacDoweU, 1941] or more likely a 
j blood hypotonic [Shannon, 1942 a] fluid is formed in the proximal renal tubule 
' of the infant. A fluid of such a composition and flowing at such low velocity 
, wonldinvariably be highly concentrated whenpassingthroughthedistal tubules 
j of a normal adult kidney. The excretion by the kidney of the newborn of a 
dilute urine at low minute volumes suggests, therefore, that the distal tubules 
of the newborn infant function in a manner different from that of the adult. 

The possibility that several factors may be involved in the process of water 

j ’^^absorption by thedistal tubule hasrecentlybeenpostulated[Shannon, 1942o]. 

However, there is so far no evidence against regarding the posterior pituitary 
antidiuretic principle as the major determinant of the fiunl concentration of 
the urine at low minute volumes. The question arises therefore whether the 
persistently high dilution of the urine of newborn infants might be due to 
some inadequacy of the posterior pituitary-renal mechanism. It was realized 
! that such an inadequacy might be connected with one or several of the fol- 
! lowine nossiViiliriP^- (l) Lack of response of the infantile kidney cells to the 
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cttcula^ antidiuretic hormone. (The question of the developmental state 
ot the human tubules at birth, as discussed by Gersh [1937], GraenTOld k 
popper [1940] and McCance & Young [1941] should here be considerei) 
( ) cient production of the antidiuretic factor by the posterior pitnitaiy 
0 e of the newborn infant. (3) Insufficient development of the mechamsm 
'ch integrates the production and ‘liberation of the antidiuretio hormone 
with the functional state of the tubular epithelium. The aim of the present 
paper was an attempt to investigate the first of these possibilities. An in- 
vestigation of the urinary concentration of infants during the first 6 days of 
extra-uterine hfe and its relation to fluid intake were subsidiary subjects. 

Methods 

Specimens of urine were obtained ffiom twenty-three normal, full-term infants 
aged 8—135 hr. Male children only were investigated. The urine samples were 
collected in small test-tubes attached by elastic strapping. The movements of 
the children were not restrained. Twelve healthy men aged from 21 to 37 years 
served as adult controls. Urine samples were put on ice immediately after 
collection. 

Urinary freezing-point depressions (A) were estimated with a Beckmann 
apparatus for small quantities of fluid. A values were converted into milh- 
osmolar concentration by the usual formula: 0 (in milli-osM.) = A/1-86 x 1000. 
Corrections for the sediment which forms on cooling were obtained by the 
following procedure: the volume of the urine sample was meastued at room 
temperature, the sample cooled to —0-6° C., centrifuged, the supernatant fluid 
decanted, the sediment dissolved in twice the original volume of distilled water 
and the fi:eezing-point depression of this solution determined. The figure so 
obtained was multiplied by two and added to the A of the supernatant fluid. 

Heller’s [1941] apparatus was used for the determinations of specific gravity. 
The pitmtary (posterior lobe) preparation employed was B.D.H. posterior 
pituitary extract. 

Besddts 

The effect of posterior pituitary ecdract on the urinary 
secretion of newborn infants 

Am assessment of the action of posterior pituitary extract on the kidney of the 
newborn infant meets considerable technical difficulties. It is customary to 
estimate the response of the mammalian kidney to the antidiuretic hormone 
by the inhibitory effect of a given dose of posterior pituitary extract on a water 
diuresis. The inhibition in turn is measured by the decrease of urine flow in the 
unit time. This technique is hardly applicable to the newborn infant because 

(1) it is difficult to be sure that none of the urine voided has been lost, an 

(2) because newborn infants cannot be made to empty their bladder at regular 




to obtain evidence as to vrbetber injections of posterior pituitary extract bad 
an egect on tbe urinary secretion of tbe newborn child: Changes of urinary 
osmolar concentration (calculated from A) rather than changes of urinary 
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voltmie were used as criterion of the effect of the antidiuietic principle. Fig. 1 
shows that this method of gauging the effect of, an injection of posterior 
pituitary extract gives as faithful a picture of the action of the antidinretic 
factor on the urinary secretion of the adult as measurements of changes of 
the urine volume. The possibility of a dissociation by the infantile kidney of 
the effect of 'the antidiuretic factor on the urinary volume and the nrinary 
concentration cannot at present be discounted. However, such a dissociation 
has, to the author’s knowledge, hitherto not been observed in normal subjects. 

Estimations of concentration rather than volume obviate the necessity of 
quantitative collections of urine. The elimination of the second difficulty, viz. 
the collection of urine specimens of newborn infants at specified times, was 
attempted by the use of the following procedure: (1) A urine specimen from 
a newborn child was collected and a given dose of posterior pitiutary extract 
injected intramuscularly. (2) Samples of urine voided spontaneously at the 
two following occasions were then taken and the A of aU specimens determined. 
(3) In order to compare the effect of the antidiuretic principle on the unnaiy 
secretion of the newborn child with that on the adult, an equivalent amount 
of posterior pituitary extract was injected into adults who drank 100 ml 
water per sq.m, body surface at intervals of 16 min, throughout the duration 
of the experiment. (4) Urine samples of adults were collected at exactly the 
same times as those at which the infants had emptied their bladders spon- 
taneously. 

Fig. 2 illustrates such experiments. It is clear that the analysis of urine 
samples collected at such irregular times and at such comparatively long 
intervals cannot give an accurate picture of the effect of the posterior pitiutary 
extract. However, it will be noticed that in the case of the newborn infant the 
first urine collected after the injection was somewhat more concentrated than 
the urine obtained before the injection was made. The second sample after the 
injection shows a return to the pre-injection level. This sHght rise of unna^ 
concentration and the subsequent return to the normal occurred regularly m 
experiments of this type and is unlikely to have been accidental (<=3 06, 
P<0-05>0'02). It may therefore be taken as indicating that posterior 
pituitary extract may have some slight effect on the kidney of the newborn, 
though a comparison of this effect with the effect of an equivalent dose on t e 
urinary concentration of an adult subject (Fig. 2) suggests a high 
insensitivity of the renal tubules of the newborn child to the antidiure 
hormone. 

It will be noted that the concentration of the urine samples 
mediately before the injection of the posterior pituitary extract are muc 
same for newborn infants and adults. It was to achieve this that 
controls drank large quantities of water before an injection of 
pituitary extract was made. The subsequent doses of 100 ml. wa P 
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sq.m, body surface taken every 16 min. ■were sufficient ■fco maintain tkeir 
tirinaiy concentration at a level comparable to that of infants aged over 4 days 
(Fig. 3). It will be sbo'wn later that children aged 1—4 days ■were usually found 



•KS'J-UCIt 


^^crete a considerably more concentrated urine. Two such children (babv 
aged 84 hr. and baby Car. aged 90-0 hr.) were injected with Tso mU 
^^or pituitary extract per sq.m. Urine samples collected before tS 

milli-osM. respectively tL 
sample after the mjection (obtained after 50 min. in the ^ of baby Cap 
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and after 86 min, in that of baby Car.) yielded values of 643 and of 441 milli- 
osM. respectively. It mil be seen that the shght increase of urinary concen- 
tration after the injection of posterior pituitary extract which was regularly 
noticed in infants who secreted a strongly hypotonic urine (Fig. 2) was not 
observed in these cases. 

The means by which ‘equivalent’ doses for newborn infants and for adults 
had been established have stiU to be discussed. The doses used (Fig. 2) were 
based on the relative areas of body surface, since it appears that rates of uimary 
output at all ages are correlated most accurately with the body siuface [Adolpb, 
1933]. Following McCance & Young [1941] the average ratio of adult to in- 
fantile surface area has been taken as 8"26, and the doses of postenor pituitary 
extract injected were calculated accordingly. McCance & Young point out 
that in the newborn infant body surface area, though proportional to the 
output of urine, is not proportional to basal metabolic rate and kidney weight. 
The use of the surface area as a basis for the calculation of doses of pofitenor 
pituitary extract is therefore less acceptable for infants than for adults. How 
ever, it mil be noticed (Fig. 2 A) that 126 mXJ. posterior pituitary extract per 
sq.m, had been chosen as the standard dose. Several other experiments gave 
essentially similar results when 260 mU. per sq.m, had been injected (Fig. 2B). 
This means, as Fig. 1 shows, that the adult controls received 6 or respectively 
10 times the minimum effective dose of the antidiuretic hormone. The lue o 
such large doses makes it a priori unlikely that the choice of another basis o 
the calculation of equivalent doses would have influenced the results sipu 
ficantly. It should also be pointed out that the absolute dose 
infants receiving 250 mU. posterior pituitary extract per sq.m, amoun 
as much as 60 mU. This is a dose which, injected into an healthy 
duces a marked inhibition of a water diuresis (Fig. 1). The choice o 
basis of comparison was thus of comparatively little importance. 


The osmolar concentration of urines of infants aged 8-136 hr. 
McCance & Young [1941] furnished data for the osmolar concentration o 
urines of normal children aged 7-14 days. The infants 
present series were younger than those of McCance & Young, an 
are therefore complementary to the figures of these authora. Urmary ^ 
pressures were assessed by determining freezing-point ^on 

possible the first urine voided after birth was analysed and the 
prolonged to the 6th day of life. Children of this age 
reasons. First, fluid intake during the first week of life is mu 
than during the second. Secondly, clinical disturbances of the wate 

are more frequent during the first days of Jif®- infants. It will 

Fig. 3 shows results obtained from a senes of twenty- ^ 

be seen that most infants excreted a comparatively concen a 
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the fi r s t 2 days after birth. The average concentTatioii decreased rapidly dutiiig 
the 3rd day. Urines voided on the 4th, 5th and 6th days vere. 'vrith few 
exceptions, very dilute. iIcCance & Young’s fin d ing s suggest that they remain 
so for at least another weeh. facilities to obtain blood samples from the infants 
investigated in this series were not available. To obtain some information 
about the semm/urine osmotic pressure ratio it was, therefore, unavoidable to 
rely on published data for values of the average serum osmotic pressure of 



• 3. Urmaij- osmotic pressures (in terms of milliMjsmolar equivalents) 

of a series of neTvbom irfaTitg- 

• infants, futh & Virz [1929] who determined the freezing-point depression 
of serum samples taken during the first hour after birth found a serum osmotic 
pressure equivalent to 295-8 ±8-72 nulli-osiL (recalculated). This figure would 
seera to be in agreement with the data of hictjance & Young [1941] who, using 
a different method, obtained a serum osmotic pressure equivalent to approxi- 
mately 310-9 ± 14-7 nul l i-osM. for iofants aged 7-14 days. These figures make 
It very likely that the infants on which the data of Fig. 3 are based, excreted 
a slightly hypertonic urine during the first 2 days after birth. 

However, it should he emphasized that even these comparatively high con- 
centrations were still much below the average concentrations of urines ex- 
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creted by a group of normal adults (Fig. 4), and this in spite of the fact that 
the subjects chosen were having their full complement of fluids (mclnding a 
minimum of six cups of strong tea per day), whereas the fluid intake of infants 
during the first and second days of life was much restricted (Fig. 5). The 
average values of day’ and 'night’ urines of our adult series agree well with 
Koranyi s [1897] figures. In an investigation on four normal men he found 



Kg. 4, Urinary oamotio pressure E{in terms of milli-osmolar ecpiivalenta) of three normal adults. 

X X subject H., © ® subject P., A ^A subject R. ‘Night’ urines collected 

between 10 pjn. and 10 am., ‘day’ urines collected between 10 a.m. and 6 pm. Note. Th» 
scale is different from that of Kg. 3. 

the following milli-osmolEir concentrations (recalculated from freezing-point 
depressions) for urines collected during 4 hr. periods: 7 a.m. to '11 a.m-- 
1121 + 76-6; 11 a.m. to 3 p.m.: 1206 ±108-6; 3 p.m. to 7 p.m.: 1208 + 128-1; 
7 p.m. to 11 p.m. : 1062 + 261-8; 11 p.m. to 3 a.m. ; 1226 + 136-4; and 3 a.m. to 
7 a.m.: 1260 + 90-9. 


The influence of the daily fluid intake on the urinary 
concentration of newborn children 

A number of factors may be involved in the comparatively sudden decrease 
of urinary concentration observed in infants during the third day of extra 
uterine life (Fig. 3). Metabolic changes resulting from adaptations to extra 
uterine life and hormonal changes resulting from the separation from ® 
maternal organism may be considered. Further investigations will be nee e 
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to establish their possible significance in connexion 'with the metabolism of 
water and with kidney function. However, ofie factor possibly concerned witli 
the urinary concentration of newhom infants has, to some extent, been 
investigated. This factor is the influence of the daily fluid intake. If 24-hoimly 
fluid intakes are plotted again^ urinary osmotic pressure (in terms of rnifli- 
osmolar equivalents) it will be seen (Fig. 5) that the urinary concentrations 



lig. 6, Eelation between fluid intake and nrinary osmotic pressure (in terms of milli-osmolar 
equivalents) of a series of newborn infants. 0 infants aged &-4S br., x infants aged 49—135 br. 


fall as the daily fluid intake increases. The correlation coefficient for the data 
represented on Tig. 5 is highly significant (r= — 0-78, P <0-001), and a rela- 
tionship between fluid intake and urinary concentration is, therefore, very 
probable. However, in view of the possible involvement of other, hitherto 
ruunvestigated, factors, it would be rash to assess the degree of causal connexion 
between the two variants. 

Discussion 

To what extent do the results of this investigation support the hypothesis that 
ODe of the factors responsible for the difference in the function between the 
kidney of the newborn infant and that of the adult is an inadequacy of the 
posterior pituitary regulatory mechanism^ It has been shown tlmt a dose of 
posterior pituitary extract which had a pronounced inhibitory effect on the 

CtL QQ 
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.water diuresis of adults liad very little effect on the urinary concentration of 
newborn children. The question arises whether we are entitled to compare the 
water diuresis of the adult with the ‘normal,’ urinary secretion of the newborn 
ml'ant ingesting adequate amounts of millr at four hourly intervals. The two 
states are well comparable in so far as the average osmotic pressures of 
the respective urines are concerned, but they differ in that very low urinary 
osmotic pressures comparable to those which are maintained for days and 
very likely weeks by newborn infants, seem^to be linked invariably with a 
relatively much higher minute volume in the adult. To produce such low 
urinary osmotic pressures in adult healthy mammals a water diuresis has to 
be instituted. A dissimilarity of the urinary minute volumes can, therefore, 
hardly be avoided if normal adults 'should be used for the purpose of com- 
parison. 

However, there are conditions in which adult mamm als excrete a urine of 
low concentration at a comparatively low rate. This may occur in cases of 
abnormal pituitary function such as diabetes insipidus. For example: Shannon 
[1942 a, Table II] mentions a dog with experimental diabetes insipidus which 
excreted a urine of A =—0-22°; the corresponding rate of urine flow was 
1-67 ml./min. This may be compared with a normal dog of similar body weight 
which excreted a urine of similarly low concentration (A=— 0'26°), but m 
this case at a rate of 10-00 ml./min. [Shannon, 1942 b, Table HI]. When the 
urine flow of the latter animal was decreased to a value comparable to that 
of the diabetes insipidus dog, i.e. to a rate of 1-62 mL/min. by an infusion o 
small amounts of pituitrin, the urinary concentration rose to A= — I'Da . 
similarity in the behaviour of the minute volume/concentration ratio between 
an organism suffering from diabetes insipidus and the newborn infant suggests 
the possibility of a posterior pituitary inadequacy in the latter. Are there any 
other resemblances between the renal function of the newborn child an t 
of cases of diabetes insipidus? McCance & Young [1941] have shown ^att 
newborn infant’s clearances of sodium, chloride and potassium are sigmfican y 
lower* than those of adults. The influence of such factors as the glome 
filtration rate on the clearance value of these threshold substances must n 
discounted, but it should be remembered that an increase of the reabsorp 
capacity of the proximal tubule for sodium (and chloride) is held to e o 
the fundamental derangements in diabetes insipidus [Shannon, 194 a, 
appears thus possible that the low sodium and chloride clearances o ne 
infants may partly be due to an insufldcient control of the tubuto e e 
reabsorption by the posterior pituitary lobe. Moreover, the fin gs o 

[1927] and others suggest that the renal excretion of potassium as w 
that of other ions is Jnfluenced by the posterior pituitary 

The foregoing considerations suggest that the nephron ° ^ following: 
infant may be pictured as functioning in some such manner as e 
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The-iosufaciently developed glomemltis delivers its filtrate to tlie proximal 
tobule at a lorv rate [Barnett, 1940', McCance & Young, 1941]. Owing to the 
low velocity of flow and possibly to the lack of posterior pituitary control, 
electrolyte reabsorption is higher than in the adult, and a hypotonic fluid 
reaches the distal site of the action of the antidiuretic hormone. The low velocity 
of flow in conjunction with the low tonicity of the tubular fluid constitute 
highly favourable conditions for the action of the antidiuretic hormone, buti 
owing to an insufficrency of the posterior pitnitary-renal mechanism little 
water reabsorption occurs, with the result that at relatively low filtration rates 
a small volume of a urine of low osmotic pressure is elaborated. 

Assuming then that the renal function of newborn infants resembles in some 
points that of an adult subject suffering from total or partial diabetes in- 
sipidus, is there any justification in suggesting that newborn children suffer 
ffom a state of ‘physiological’ diabetes insipidus? 

(A) The comparison would seem to apply in so far as the results of the 
present investigation suggest that the posterior pituitary-renal mechanism 
worts imperfectly in the newborn child. Certain clinical evidence may be 
added to this. It is generally agreed that the function of the posterior 
pituitary antidiuretic hormone in the adult mammal is the conservation of 
body water especially under conditions of stress. There is evidence that it is 
difficult for some newborn infants, at least, to conserve body water. Infants 
aged 2-4 days are liable to a febrile disturbance (inanition or deticcation fever) 
wliich coincides with theyieriod of the lowest fluid intake (Bigs. 3, 5) [Faber, 
1922; Kaufmann & Bickel, 1931]. This pyrexia has been shown to be accom- 
panied by a diminution of the plasma water content [Bakwin, 1922]. Normal 
body temperature is quickly restored by an increase of fluid intake. The 
correlation between body hydration and temperature regulation is too well 
known to require comment [Herrington & Gagge, 1943], but further data on 
the water metabolism of newborn infants suffering from inanition fever are 
needed to make the supposition acceptable, that the rise in temperature is due, 
or partly due, to an inability to conserve water in the adult fashion, i.e. by the 
elaboration of a sufficiently concentrated urine. However, attention may be 
drawn to the similarity between the ‘inanition’ fever of the newborn child 
and the febrile response of cases of diabetes insipidus to water restriction 
PdcGavack, Boyd & Gelvin, 1942]. 

(B) It should be pointed out that the comparison between the state of the 
■irater metabolism of the newborn infant and that obtaining in cases of experi- 
mental and clinical diabetes insipidus is not applicable in so far as the results 
of this investigation merely suggest that, compared with the normal adult, 
tbe renal tubules of the newborn infant are less sensitive to posterior pituitary 
e^cts, whereas diabetes insipidus has been shown to be due to a deficiency 
o the posterior pfi-i+o-y antidiuretic hormone. It appears quite possible that 

* 2S— 2 
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in the newborn mammal such a hormonal deficiency coexists with the in- 
sensitivity of the renal tubules to the antidiuretic principle but experimental 
evidence on this point is lackmg. 

SOMMABY ■ 

1. Intramuscular doses of posterior pituitary extract which produced a 

pronounced inhibition of a water diuresis in adults had only a very slight and 
fleeting effect on the urinary concentration of newborn infants excreting a 
markedly hypotonic urine (Pig. 2). A-low sensitivity of the renal tubules oi 
the newborn children to the posterior pituitary antidiuretic hormone is thui 
indicated. ' , 

2. Preezing-point determinations of urine samples obtained from a series 
of infants aged 8 hr. to 6 days showed that these children excreted a com- 
paratiyely concentrated urine during the first 2 days of extra-uterine lif( 
(Fig. 3). However, even these, most likely hypertonic, urines were stiU muol 
below the average concentration of urines excreted by a group of normal adult 
(Fig. 4). Urinary concentrations were foimd to decrease rapidly during th( 
3rd day of life. * Urine samples collected during the 4th, 6th and 6th days of lif< 
were, with few exceptions, markedly hypotondc. 

3. The relation between the daily fluid intake and the concentration o. 
urine samples obtained from the same group of newborn children (Fig- 6 
suggests that the former may be an important determinant for the latter. 

I should like to express my sinoere thanks to Pro6. Chassar Moir and J. H. Bum for gtanW 
certain facilities in their departments. My best thanks are also due to Dr Josephine Baioes 
her help with the clinical tests and to the students of Bristol University who volunteered for 
control experiments. The expanses of this investigation have been defrayed in part by a Co 
Beaearoh Grant. 

EBFEBBNCES 

Adolph, E. F. [1933], Physiol. Rev. 13, 336. 

Bakwin, H. [1922], Amer. J. Vis. Child. 24, 608. 

Barnett, H. L. [1940]. Proc. Soc. exp. Biol., N.Y., 44, 664. 

Faber, H. K. [1922], Amer. J. Vis. Child. 24, 66. 

Fflth, H. & Wiia, P. [1929]. Arch. Oynaek. 136, 612. 

Qersh, I. [1937], Conlr. Emiryol. Carneg. Instn, 168, 35. 

Qmenwald, P. & Popper, H. [1940]. J. Urol. 43, 462. 

Heller, H. [1941]. J. Physiol. 98, 3 P. 

Herrington, L. P. & Gagge, A. P. [1943]. Ann. Rev. Physiol. 5, 295. 

Kanfinann, C. & Bickel, L. [1931]. Arch. Oynaek. 140, 493. 

Koranyi, A. [1897]. Z. klin. Med. 38, I. 

MoCance, K. A. & Young, W. F. [1941]. J. Physiol. 99, 266. 

MoGavack, T. H., Boyd, L. J. & Gelvin, P. [1042]. J. din. Endocrinol. 2, 661. 

Shannon, J. A. [1942o]. J. exp. Med. 76, 371. 

Shannon, J. A. [19426]. J. exp. Med. 76, 387. 

Stohle, B. L. [1927]. Amer. J. Physiol. 79, 289. ^ ggg 

Walker, A. M., Bott, P., Oliver, J. & MaoDoweli, M. C. [1941]. Amer. J. Phystd. l»4, 

Young, W. F., Hnllum J. L. is MoCance, B. A. [1941]. Arch. Vis. Child. 16, 243. 


441 


'J. Physiol. (1944) 102 > 441-445 


612.12 


THE DETERMINATION OF PLASMA VOLUME BY THE 
EVANS BLUE METHOD: THE ANALYSIS 
OF HAEMOLYSED PLASMA 


Bt C. J. 0. B. MORBIS * From the Clinical Laboratory 
. and the Medical Unit, tho London Hospital 

[Received 13 August 1943) 

The deteTmination of pksma volume by the Evans blue method requires the 
colorimetric analysis of plasma samples for the dye. In the method developed 
in this laboratory [Crooke & Morris, 1942], it was pointed out that haemolysis 
in the plasma samples interferes with the analysis, since haemoglobin is con- 
verted by the extraction process into a pigment (probably acid haematin) 
which has a significant light absorption in the same spectral region as Evans 
‘blue. The same objection applies to the butyl-alcohol extraction process of 
Haiington, Pochin & Squire [1940], and also to the direct estimation of the 
dye ia diluted plasma. In the latter case the interference is due to haemo- 
globin itself. By proper attention to the technique of blood sampling [Crooke 
■k Morris, 1942], it is usually possible to reduce haemolysis to very low levels. 
However, in the investigation of certain pathological conditions, notably those 
involving circulatory coUapse, withdrawal of blood samples can be very 
difficult, and in such cases the plasma may be considerably haemolysed. We 
have found that very slight haemolysis may cause an error of about 5 % in 
/ plasma-volume determinations, and as the degree of haemolysis will vary 
fiom sample to sample, interpretation of dye elimination curves is difficult in 
such cases. Comparison with the direct method as described by Bonnycastle 
[1942] reveals that a similar error is present here abo. The purpose of the 
present work was to develop a method in which thb source of error could be 
eliminate/L The most promising approach to the problem is the correction of 
. the measured colour for the haem pigment present. The simultaneous colori- 
metric analvHb of a solutio-u for more than one light-absorbing component 
has been discussed bv Vierordt [ld73] and by others. Accurate analysb is 
only possTole when the alc/a-guion maxima lie in different re^ons of the 
spectrtnm an^h h csvaJiy r-e^-^Asary to correct for overlapping of the absorp- 
tion curves. 1 ;.is >. tie fin the analysb of solutions contaming Evans 

» Ileiearcli FeEoTr, 
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blue and baem pigment, and a brief account of tbe tbeoretioal treatment b 
given here. ^ > 

Let , Ef be tbe extinctions at wave-lengtbs Aj , Ag for concentration 
of component A, and E^ , Ef be tbe corresponding extinctions at tbe same 
■wave-lengtbs for concentration C® of component B. Tben if tbe Beer-Lambert 
law is valid for solutions of tbe two components 

Et=o^C^; Ef=^C^ ' 

where a^, Oj, ^2 constants for a given depth of absorbing solution. 
If E^^- and E^^- are respectively the total absorptions at wave-lengths Aj, Aj, 

E^^-=Ei+E^=ct^C^+^^C^. ( 2 ) 

By rearrangement of equations (1) and (2) it can be shown that 




(3) 


*1^2 ~ *2^1 

Tbe denominator of this expression is a constant, and can be represented 
by E. Di'tiding equation (3) throughout by and rearranging, the following 
relation is obtained: 

^G^=Ef^-^ E^^-. 

^ P 2 ' r2 

In order to obtain directly from this expression, it is 
evaluate oq, Oj, jSj. If, however, the total extinctions at 
are measured for a kno'wn concentration of component A 

also for an unkno'wn concentration C-^ of the same component (£1 > 2 > 

follcwing relation can be derived from equation (4) : 

■ CJA ( 5 ) , 

£tot.- 

In this case to determine the unknown concentration C^, it is only 
to evaluate the ratio ^ 1/^2 for component B, a knowledge of t e 
values of a, , a^, /S^, jSg, and being unnecessary. „„Tnfints 

The above discussion is, of course, only strictly valid for m^s - 
made with monochromatic light, but provided the Beer-Lam 
tions hold for the concen'tration ranges in question, the cone usi 
appbed to absorption measurements with light filters. The accura y 
greatest when EHE^ is large or small compared with -^ 1/^1 
dition can be satisfied by the choice of suitable light aters. Tins 
done for solutions containing Evans blue and haem pi^en . 
been possible to carry out satisfactory plasma-volu^ obviously 

plasma samples which were considerably haemolysed. The - 

apphcable to other dye methods of plasma-volume determmation. 
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Experimektai, 

The determination of ^^ 2 /or haem pigment 
An aqueous solution of haemoglobin "was prepared by lalting "wasbed red cells 
in n-ater and tbe baemoglobin concentration determined by tbe pyridine 
haemochiomogen method of Rimington [1942]. Volumes of O’l, 0-2, 0-3, 0'4, 
0-5 mL of this' solution were added to 1-00 ml. portions of non-baemolysed 
pksma and tbe mixtures taken through the hydrochloric acid-alcoholic phos- 
pbotungstic acid procedure of Crooke & Morris [1942]. The extinctions of tbe 
solutions were measured in a sin^e-cell photoelectric absorptiometer con- 
structed in this laboratory. Tbe measurements were made in 20 mm. cells 
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The determination of for control solutions 
It was observed that tie extinctions of control solutions measured against 
water in tbe two spectral regions showed a ratio close to the value of 
determined in the above experiment. Measurements were made for a senes 
of five plasma samples aU taken under conditions such as to mimmize haemo- 
lysis. lie results are given in Table 1, Rq being the extinction in the orange 
and the extinction in the violet. 


EJE, 

0 063 0-349 

0-044 - 0-341 , 

0-063 0-333 

0-084 0-346 

0-031 0-323 

Mean 0-33S 

He agreement of these values with as determined from Tig- 1 
to two conclusions; first, the substance responsible for the control extinction 
obeys the Beer-Lambert law, and secondly, as the ratio EolRv ^ ^ 

this substance is optically indistinguishable firom haemoglobin. 1 
probable that the control extinction is actually due to very slight haemo ysis, 
and that the plasma pigments do not pass into the alcohohc extract. ^ 
subsequent measurements water was used as the control and the extinction / 
calculated on the assumption that Evans blue and haem pigment were 
only light absorbing substances present in the solution. 


Sample 

1 

2 

3 

4 
6 


Eo 

0-022 

0-016 

0-021 

0-029 

0-010 


Table 1 


The estimation of Evans blue in the presence of 
varying amounts of haemoglobin 

0-10 ml. amounts of a 0-14% aqueous solution of Evans blue were added 
to 8-00 ml. samples of HCI-alcoholio phosphotungstic acid extracts “ 
containing varying amoimts of haemoglobin. The extinctions of these 
were measured in the orange {Ef) and in the violet [E^. The correc 
tinctions (E ^^^ ) were calculated from the equation 

^oorr.=-^0-0-343E„. 

The values so obtained are given in Table 2. 


Bip. 

1 

2 

3 

4 


Table 2 


Hb present (mg.) 

Eo 

E, 

0-37 

0-304 

0-117 

1-12 

0-321 

0-167 

1-49 

0-336 

0-204 

1-87 

0-346 

0-227 


The variation of the individual values of ^oorr. 


Bcarr. 

0-164 

0-167 

0-166 

0-167 

■within +1%- 
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The application of the correction to the determination 
" of plasma volumes 

Tte teclmique of iniection of dye, ■'KitL.dra'wul of blood samples and extrac- 
tion of dve is identical tvitli tbat originally described. A. I’OO ml. sample of 
nndved plasma, to ■wHcIl is added 0-100 ml. of a 1 : 50 dilution of tbe injected 
Evans blue solution, is taken tlnongb. tbe extraction process, and is used as 
tke standard. All solutions are measured in 20 mm. cells against a vrater 
control in botb spectral re^ons. is calculated by equation (6) from tbe 

observed values of Eq and E^ of eacb sample. Then if P is tbe plasma volume 
in mL, E^^ tbe corrected extinction of tbe solution measured, and P^rr. 
tbe corrected extinction of tbe standard. 

E§^,x2m 

Eaarr. ' 

Tbe derivation of tbe true plasma volume from tbe individual values bas 
been, diseased previously ^Crooke & liotiis, 1942.1. 

SciDIAET 

1. Tbe error due to baemolysis of tbe analytical samples in plasma-volume 
detenninations is discussed. 

2. An optical metbod of correction for this error bas been developed. 

3. Tbe practical application of this metbod to plasma-volume determina- 
tions is described. 

Tti cest rf tbii reKarch csfraTtd 5ro3. tils Tano-=- r-utd of tie Xmian. HosohaL 
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CHANGES OCCURRING IN PLASMA AND SERUM ON 
STORAGE AND THEIR PHYSIOLOGICAL EFFECTS 

By H. P. GILDING and MAEJOBIE E. NUTT 

From the Department of Physiology, University of Birmingham^ 

\ 

{Received 16 August 1943) 

Stored homan blood, plasma and serum are now used extensively in' tie 
treatment of a wide variety of clinical conditions. Various workers — ^Lewisohn 
& Rosenthal [1933], Hughes, Mudd & Strecker [1938], Diggs & Keith [1939], 
Elliott,' Macfarlane & Vaughan [1939], Girones [1939], Jorda [1939], Knott 
& Koemer [1939], Leedham-Green [1939], Lehmann [1939], McClure [1939], 
Patterson [1939], Aylward, Mainwaring & Wilkinson [1940], Black [1940], 
Bro'wn & MoUison [1940], Brennan [1940], Brewer, Maizels, Oliver h Vaughan 
[1940], Clegg & Dible [1940], Edwards & Da'vie [1940], Bavitech [1940], 
Scudder, Bishop & Drew [1940], Stewart [1940], and others — have reported 
on the use of whole blood, plasma and serum in human transfusion, the genera 
consensus of opinion being that reactions to transfusion are infrequent, very 
slight, and, except in case of whole blood, do not increase with time of storage 
of the transfused material. Strumia, Wagner & Monaghan [1940 0 , 6] report 
favourable results with fresh and preserved plasma, but find that serum may 
cause severe reactions. , 

Landois [1876] suggested the transfusion of serum instead of whole 00 . 
He injected a large number of heterologous sera into rabbits and dogs, w 
found that only those sera which agglutinated or haemolysed eryt^ooyto 
were toxic to recipients. Weiss [1896] described severe reactions on 
of serum from aU species of animals into rabbits. Brodie [1900] foun 
cats were very susceptible to injections both of autogenous and heterogen 
serum, and described a reaction to these injections which has since ^ 
known as the ' Brodie phenomenon ’. All the sera investigated were ton ^ ^ 
cats, the doses required to produce a reaction varying from ^ ^ 

Cats’ blood withdrawn, defibrinated a^d reinjected within 2 min., e , 
be toxic. Other animals, such as dogs, Brodie found to be almost insuscep 
to serum. These results of Brodie’s were in a large measure coi^med y^^ 
work of Ponder [1928]. Ponder found, however, that only 80% o ^ 

which he investigated were toxic to cats, and of these, only 60 /o s 
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liigli degree of toxicity^ Ponder gives no information as to the^ ages of tiie 
various sera wMoh. lie used. Doer:^ [1910] noted the similarity between 
'' anaphylactic shock and the toxic reactions to the injection of normal blood 
and serum. Zinsser [1911] described a toxic property of normal blood which 
was independent of its lytic and agglutinative properties. De Kruif [1917] 
and Novy & De Exuif [1917] found that fresh serum, injected as soon as 
possible after coagulation, was more toxic than old serum. They reported 
that plasma was non-toxic, but became toxic in the ‘pre-clot’ condition. The 
anaphylactoid shock produced by the injections was attributed to the pto- 
dnction of an ‘ anaphylatoxin’ in the animal’s blood, in response to the 
injection of serum. Rous & Wilson [1918] evaluated the ef&ciency^ of the 
different fluids used as blood substitutes. They concluded that plasma was 
very good for this purpose, and that horse serum was effective in non- 
Busceptible animals, e.g. dog and rabbit. Plasma and serum were, more 
effective in restoring the blood pressure after .haemorrhage than was Bayliss’s 
gnm-acacia solution. Bayhss [1920] investigated the reactions to transfusion, 
and suggested that the results of transfusion of incompatible blood were not 
due to haemolysis as such, but to a reaction to foreign serum protein, and 
that they were comparable to anaphylactic shock. Drinker & Brittmgham 
[1919], reporting on the use of autogenous plasma and serum in transfusions, 
said that plasma which had been thoroughly flceed from cellular elements by 
centrifugation or by filtration through porcelain was singularly non-toxic. In 
this respect, plasma differed markedly from serum. Levinson [1923] described 
an increased toxicity of plasma in pregnancy and in certain pathological 
conditions; this he attributed to an increase in the fibrinogen content of the 
plasma. Bond & Wright [1938] gave transfusions of lyoplule serum to severely 
shocked dogs and found that this raised the blood pressure for several hours, 
hut did not give recovery as the degree of shock was too great. Wright, Bond ' 
& Hughes [1938] used four times concentrated serum in doses of 4 c.c./kg. in 
order to reduce the cetebro-spinal fluid pressure in dogs. They found that the 
concentrated serum was effective for this purpose, and record no untoward 
results of the injections. However, Levinson, Neuwelt & Necheles [1940] 
reported severe reactions in 25% of dogs which they transfused with serum. 
Best & Solandt [1940], and Magladery, Solandt & Best [1940], found serum 
and plasma to be equally effective in restoring the blood volume of dogs 
shocked by histamine, trauma, trauma and haemorrhage, or haemorrhage 
alone. They took the precaution, however, of testing the sera to be used on 
the animals before shock was prodnced. Some samples of pooled dog serum 
did cause reactions. These were discarded and were not used for the attempted 
restoration of the shocked animals. Pine & Gendel [1940] gave dilute plasma 
(1-3 days old) to dogs with experimental intestinal obstruction. The survival 
time of these dogs was doubled when plasma was given in sufficient quantity 
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to compensate for the loss of fluid from the circulation. Buttle, Kekwick k 
Schweitzer [1940] found fresh plasma to be a good blood substitute in the 
treatment of acute haemorrhage in cats; no stored fluid plasma was used, 
but reconstituted plasma which had been dried by Dr Greaves proved fairly 
good. Plasma dried by Dr Davie killed the animal. When senun was used, 
severe reactions occurred in some cases. The authors noted the similarity 
between these reactions to serum and the Brodie phenomenon. They tried 
the effect of serum on flogs (which- Brodie stated to be insusceptible) and 
noted a similar reaction in three cases. Eeid & Bick [1942], investigating the 
pharmacological properties of serum, state that cats (but not dogs or rabbits) 
give severe reactions to the intravenous injection of homologous serum. They 
consider that the serum constituent responsible for this reaction is protein m 
nature, and is derived from the platelets. 

We have not found any reference to work directed towards changes occurring 
in plasma or serum on storing, or the physiological effects of such storage. 
The work described below was undertaken when it was found that plasma or 
serum which had been stored 3-4 weeks in the blood bank was highly tonp 
to oats when injected intravenously in doses of from 0-6 to 2 c.c. whereas 
fresh human plasma or serum had no effect. Similarly, as reported below, 
fresh cat plasma is iimocuous, whereas the same plasma becomes toxic on 
storage. 

Methods 


Cats were anaesthetized with hquid ‘Dial’ usually injected intraperitoneally 
(0-6 c.c./kg.), but when intestinal plethysmography was' attempted the anaes- 
thetic was injected subcutaneously (0-7 c.c./kg.). Some cats were anaesthetize 
with chloralose or nembutal to rule out the effect of a particular anaesthetic, 
a few decerebrate preparations, decerebrated under ether anaesthesia 2^-3 hr. 
prior to the experiment, were also used. , 

The trachea was cannulated and systemic arterial blood pressure was re- 
corded from the carotid artery. In some cases pulmonary arterial pressure, 
and in some venous pressure (either from the jugular or splenic vein) was 
also recorded. Intrapleural pressures were recorded in somq^ animals by mwns 
of a pleural cannula [Franklin & Gilding, 1932], and records were also obtaiue 
from intestinal and limb plethysmographs. 

The human serum and plasma used for injection into the animals 
samples of pooled plasma obtained through the agency of Dr W. H. P- 
(Regional Transfusion Ofiicer, Midland Region, No. 9) from the Army oo 
Supply Depot, Bristol, the Ministry of Health Regional Transfusion ® 
ratory, Birmingham, the Ministry of Health Regional Transfusion a o 
ratory, Oxford, the Medical Research Council Blood Depot, Social en re, 
Slough, and the Medical Research Council Serum Unit, Cambridge. 
where otherwise stated, the plasma or serum was of varying age, from wee 
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to 18 montts. Doubtfully sterile or unduly cloudy samples u-ere discarded. 
The cat plasma or serum "was obtained and stored under sterile conditions. 
The serum or plasma "vras ■warmed before injection. Tbe amount given ■was 
from 0’5 to 2 c.c. according to tbe size of tbe cat and tbe acti'vity of tbe 
sample. Dsually tbe injection vas made into tbe internal sapbenous vein in 
front of tbe ankle, to ensure tborougb mixing of tbe plasma ■witb tbe animal s 
blood, but some ■were made into tbe' splenic vein or into tbe femoral artery . 


Eesults 


The results of injection of active plasma or serum into tbe sapbenous vein 
and into tbe femoral artery -were s imil ar, except that tbe reaction took .slightly 
longer to come on ■wben tbe injection was made by tbe arterial route. 

Heart and hlood ‘pressure and peripheral circulation. Fig. 1 shows tbe effect 
of plasma on tbe heart and systemic blood pressure. 'Within 15 sec. tbe heart 
slows profoundly and. in a sensitive animal, may cease to beat altogether. 
The blood pressure falls almost to zero; cardiac massage and artificial respira- 
tion may be necessary in order to re'vive the animal. In some cases, after the 
cardiac inhibition has passed off, there are frequent dropped beats, indicating 
injury to tbe heart muscle. These findings agree ■with those of Brodie [1900] 
and Ponder [1928]. Eecords of pulmonary arterial pressure sho^w that this 
rises as a result of plasma injection, tbe beginning of tbe rise being coincident 
■^b tbe beginning of tbe fall in systemic -pressure (Fig, 2). Systemic venous 
pressure rises from about —4-5 to -r4 cm. saline (Fig. 3). Portal venous 
pressure shows no significant change. 

Limb volume increases after tbe injection, but tbe volume of tbe intestine 
decreases (Fig. 4). This diminution in volume depends on tbe mechanical 
emptying of tbe vessels as a consequence of tbe greatly increased peristalsis 
noted below. 


Brodre described a vasodilaTation in limbs and a vasoconstriction in tbe 
kidney as a result of serum injection. 

SespiTotion. Eespiration may cease altogether and artificial respiration 
Eiay be necessary in order to revive tbe animal, or there may be spontaneous ‘ 
recovery. In the latter case, periods of apnoea are interposed between two 
or three gasps, and eventnahy normal respiration is resumed (see Fig. 5). 
P'Ccords of mrrapletrral presstne sho-v a rise in the base line of tbe water 


roanometer, rrdicat 
decrease in neratit 
blood in the thors; 
^ords which wer 
^rum injection a 
DegariTe -uressttre : 
injection of adren 


hig a decrease in the negative pressure in the thorax. This 
re presmre ns protrably the result of an accumnlation of 
r- Fig. 5, winch is typical of all the intrapleural pressure 
:e rnane. -nows that for each inspiration after plasma or 
grean.^ ..ega.rre ^.Tnrrre is requirea. This increase in 
— dov'.t.ess *ne result or bronchial constriction, since the 
a.:n r.rtngs aoovt an nnmediate reduction in the negative 
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10 Seconds 


Fig. 3. Effect of 2 c.c. stored plasma on jngnlar venous pressure 


and systemic arterial pressure. 
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preiSTire required for inspiration. The effect of the adrenaline, however, soon 
wears off. The variations in intrapleural pressures do not return to normal 

22 5 r,2. CAT 2 0 Kg. 1 2.cc DIAL 


INTESTINAL Pl£TWYS!WOGRAPH 



to SBX)NDS 



-j. TSect of 1 c.c. of rtored sernm on ntraplenral and svFtenic arterial pressnrea. The 
o-'dlatioa of raanoTneter during apnoeic periods is dne to transmitted heart pulsations. 

a period of 10_20 min. has elapsed. In some cases rapid shallow- respira- 
tions precede the complete cessation of respiration. 

dhmenfan/ coral The intestines, examined either through an abdominal 
^ound, ox in the intestinal plethvsmograph, show greatly increased peristalsis. 
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Animals mth intact abdomens produce noticeable borborygmi. Retching may 

occur, and if tbe animal bas been fed, ' vomiting. In decerebrate animals 
aeiaecation occurs. 


Bladder. Micturition occurs if urine is present. 

Eyes. Within 10—15 sec. of the injection, the nictitating membrane retracts, 
the palpebral fissure widens and the pupils dilate slightly. The dilatation is 
inme ately followed by an intense pupillary constriction, the pnpil being 
re uced. to a mere line. This condition lasts for from 2 to 6 min., when the 
nicfatating membrane, palpebral fissure and pupil return to the pre-injection 
con 'tion. Usually these signs are accompanied by the secretion of tears. In 
some animals the constriction of the pupil is immediate and is not preceded 
by dilatation. • 


Saliva. Obvious salivation has never been observed. 

Sweating. There were no signs of sweat on the animals’ pads. 

Movements. In anaesthetized animals there was marked opisthotonos, 
flattening of the pinnae and stretching movements of the hmbs. In decere- 
brate animals, in addition to opisthotonos, the limbs performed co-ordinated 
rapid running movements for a period of about 2 min. after the injection. 

Autopsy. The most striking pathological changes were seen in the lungs, 
where there were petechial haemorrhages and occasional areas of congestion. 
Portions of the lung were sectioned, and showed in some parts extravasation 
of blood into the connective tissue, and, in isolated patches, rupture of the 
alveolar walls with haemorrhage into the alveoli. The pulmonary vessels, 
particularly arterioles and capillaries throughout the lungs, showed an ab- 
normally large number of leucocytes of the polymorphonuclear type. That 
this finding was the result of injecting stored plasma or serum was proved by 
removing a lobe of lung, closing up the thorax by suture before giving plasma, 
and then removing another lobe at autopsy after injecting plasma. Examina- 
tion of subsequent wax sections of these two lobes showed a normal appearance 
in the lobe removed before plasma injection, while "fhe section of lung after 
injection showed the usual picture seen in PI. 1, fig. 6. In experiments in 
which the animals were left up to 7 hr. before being kiUed, the lungs still 
contained abnormal numbers of polymorphonuclear cells inside vessels. 

The suprarenals showed little macroscopic damage, but occasionally there 
were patches of haemorrhage in the cortex. Wax sections showed numerous 
polymorphonuclear cells in the small vessels, more particularly in the cortex. 
This effect was controlled by removing a- suprarenal before injecting the 
plasma. Here, as in the lung, the accumulation of polymorphonuclear cells 
was shown to be the result of the plasma injection (see PI. 2, figs. 7 a, h). 
The liver appeared normal but here again an increased number of leucocytes 
was seen in section. The accumulation of white cells' was, however, not so 


marked as in the lung and suprarenal. 
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Otter tissues, suet as spleen, kidney, intestine, skeletel muscle and dia- 
phragm, showed no macroscopic or microscopic abnormalities. 


Blood, changes 

The above histological findings raised the question of the leucocyte content 
of the blood bfefore and after plasma injection. For this investigation a 
bleeding cannula was inserted into a femoral artery, and blood was taken 
before and after giving plasma. In order to correlate these findin gs with the 
other actions of plasma, samples of blood were usually taken between 30 and 
40 sec. after giving the injection. Examination of the blood revealed a pro- 
nounced leucopenia, mainly, though not entirely, due to a diminution of 
polymorphonuclears. A protocol, which is typical of all experiments whether 
human or cat serum or plasma was injected, is as follows; 


22 June 1942. Experiment 64. Cat 3-3 kg. 1-7 c.c. Dial intraperitoneally 


Total white cells 


Before injection 
6000 


After injecting 2 c. 0 . oat serum 
(collected 13 May 1942) 
3100 


Polymorphs 

Lymphocytes 

EosinophilB 

Basophila 

Monocytes 

Haemoglobin 

Haematocrit 


60% 3000 

37% 2220 

12% 720 

1% 60 

67% — 

37-6% (cells) — 


17% 

66 % 

13% 

3% 

62 
36% 


627 

2046 

403 

93 

31 


After the initial leucopenia, the white cell count rose, and after 6-6 hr. 
was three or four times as high as the pre-injection level, the leucocytosis 
being mainly due to youthful polymorphonuclear cells; a number of nucleated 
red blood cells were seen, but no counts of these were made. The white cell 
count has not been followed for mote than 7 hr. after plasma injection. 

The injection of fresh human plasma had no action on leucocytes; the 
white blood cell count before injection was 8150 and after 7900, and the 
polymorphs 42 and 44% respectively. 

The above experimental findings of the effect of stored plasma in the cat 
suggest: (a) stimulation of the parasympathetic nervous system either peri- 
pherally, centrally or reflexly; (6) stimulation of the central nervous system; 
or (c) a generalized chemical or physical action on the systems of the body. 
The following experiments were designed therefore to localize the site or sites 
of action of stored plasma. 

Effect of atropine. Injection of plasma into the atropinized noimnl (atropini- 
ration tested with 5-10 /ig. of acetylcholine) produced a fall in blood pressure, 
no cardiac inhibition. The fall was not so marked as in the normal animal* 
and recovery was more rapid (Fig. 8). The effect on respiratory rate was 
to that in the non-atropinized animal, but there was no bronchial 
Wmtriction, and the rise in the general baseline of the intrapleural pressure 
Id not occur (Fig. 8). This suggests that the rise in intrapleural pressure 
~ 29 



464 


E. P. GILDING AND M. E. NUTT 

referred to earlier is the result, of cardiac inhibition, which brings about an 
accumulation of blood in the thorax. The limb volume increased, and tie 
intestinal volume — ^which in the non-atropinized animal dimimshed markedly 
— -also increased slightly.' This finding suggests that plasma may have a direct 
dilator action on blood vessels. After atropinization, plasma had no action 
on the intestinal muscle ; no peristalsis was observed, neither defaecation nor 
vomiting, and there was no micturition. The pupils constricted slightly as a 
result of plasma, although acetylcholine had no effect on them. This con- 
striction may possibly have been due to a central inhibition of sympathetic 


Cat 2 0 K^. l-accDial 
Aropinised 

No response to 5Y Acetyl Choline 

2,.27 pLEURflU 



Big. 8. Elffeot of 0-6 c.o. stored human plasma on heart rate, blood pressure and intrapleawl 

pressure in the atropinized animal. 


tbnns. Opisthotonos and stretching of the limbs was diminished 

The changes in the white blood cells were not influenced by atropuuza 

of the animal. , , 

Effect of section of the vagus nerves. Section of the vagus nerves m ^ 
abolished the cardiac inhibition, but there was still -a faU in J 

although this was less than when the vagi were intact. Fig. 9 shows the 

of cutting the vagi during the reaction. As far as respiration was come . 

section of the vagi abolished the changes in rate produced P 

bronchial constriction was even more marked. Fig. 10 shows t ’ 

shows also that there is no rise in the base line of 

such as occurs with mtact vagi. It also shows the effect o a 

bronchial cons^ction. Plethysmographs record an There 

testinal volume. The intestines no longer showed mcreased p 
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was no defaecation, vomiting or mictuntion and no opisthotonos or limb 
movements. 



rig. 9. Effect of vagal section on heart rate and blood pressure during response to injection of 

0-5 C.C. of stored human serum. 



rig-m. Er*--: o 1 



cf on m-rapl-na pres-^ire, heart rate, blood 

vrn- rn •> eg-.O'.-nnw.-d .;at, lend injee-:on of adr-naliu- 0-3 c.c. of 1/10,000 
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Bain, Irving & McSwiney [1936] and by Irving, McSwiney & Suffolk [1937] 
a s a result of stimulation of vagal and sympathetic nerves from the abdominal 
viscera. < 

Brodie [1900] showed that the site of action of serum was on afferent va^ 
endings in the lungs, and that the response to its injection was a reflex 
phenomenon. This he attempted to prove by cutting the vagal fibres running 
to the lungs, but, as he points out, the operativa disturbance and subsequent 
necessary artificial respiration interfered considerably with the reaction. 
Brodie states, in fact, that the reaction caimot be obtained successfully from 
cats under artificial respiration, and that it is necessary, to switch off the pump 
in order to observe it; we have ptot found this, probably on account of the 
different method used for ventilating the animal. Cats under artificial respira- 
tion show the vascular and cardiac reactions characteristic of plasma if the 
nervous system is in reasonable condition. However, as the phenomenon is 
largely a reflex one, cats which have suffered severe anoxia of the central 
nervous system as a result of respiratory failure will give very unreliable 


results. 

Owing to the diffioolties involved in section of the piihnonary -vagus, we attempted to ahov 
whether the phenomenon was reflex or central in origin by means of cross-oiroulation 
menta. The arterial connexion between carotid arteries presents little technical difflcolty* » 
external jugular veins, however, constrict to such an extent that it is dlfBcult to insert a cann 
big enough to ensure an adequate venous drainage. This difBculty, however, can be 
part by exposing two areas on each external jugular vein, about 2 cm. apart, by snipping 
.skin over the vein with scissors and leaving the exposed connective tissue and vein 
The necessary ligatures are inserted deeply under the vein (which should not be i, * s 
curved surgical needles, and left in titn until wanted. The exposed surfaces dry somew 
when the time comes to cannnlate, the vessel does not contract to anything like the exten w 

it does without this precaution. , s' itsTiisl 

Two am'miilH of approiiinately the same size were chosen, and both carotid artenes an 
jugulars of each prepared for cannulatdon; the internal jugulars were tied.^ A 
put in position around thp vertebral column, at the level of the first and second cervi intrs' 

to occlude the vertebral arteries [Sherrington, 1919]. Then 17 mg. of heparin was inj 
venously into each animal. The anim a l s were placed side by side and the from 

veins cannulated proiimally and distally and joined with rubber tubing, so ^ a ^ gfrnilsr 
each animal’s head flowed into the other's heart. Next both carotid were 1°^ arteries 

manner. Then the outside jugular veins were simi l a rly treated, and finally the v 
were tied off. ' . , 

Tbe blood pressure was recorded from the femoral artery in each an ^ ^ 
Fig. 11 shows the effect of an injection of 1 c.c. of stored human ^ 

an internal saphenous vein in cat A. It will be se6n that the car ^ ^ 

and faU of blood pressure occurred in the animal receiving the mjec ^ 
spite of the fact that its head was receiving blood from cat B s sys 


circulation. • • u p c /ke. of 

The efficiency of the cross circulation was tested by mjectmg ^ 
a 4% solution of bromphenol blue intravenously mto cat A., oim 
[1929] demonstrated that this quantity of dye stains the mou 
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a minute, and in 3 min. a maximal staining of the Trliole animal was teported. 
In the present experiments within 30 sec. of the dye injection, it appeared in 
the mucous membranes of the mouth of cat B, and within 3 min. the mucous 
membranes of nose, mouth and eyes were heavily stained, whereas the in- 
jected cat’s own head had the merest tinge of the dye after 3 min . This 
experiment therrfore confirms Brodie’s opinion that the phenomenon is re- 
fledy produced. However, it is seen from the results of cervical vagal section 
described above that the vagus cannot be the only sensory nerve involved 
in the reflex. 



II. Cross'd circtilation of aniinals' heads. Injectioii of 1 c.c. of stored human serum into 
sphertons vein of cat A. (Cat A vms hreathing nonnallv; cat B tvis artifidaUr ventilated, 
and dming the crucial eiperimeut the pomp ceased vrorking in betrveen the two arrows.) 
Freqaszcv of heart beat of cat A feE from 40 to 19/10 sec. 


Attempts were made to determine the precise location of the vagal nerve 
endings in the lung concerned in the reflex. Brodie & Bussell [1900] showed 
that mhalatiou of chlorine, bromine or chloroform vaponr, in the dog or cat, 
conld initiate a vagal reflex comparably with the injection of serum. A fine 
.clond of plasma was sprayed over the tracheal cannula of a cat by means of 
a ‘lEstor paint spraver. This had no effect of anv kind on the animal, so 
that the nerve endings in the alveoli of the lung cannot he chemoreceptors 
Eensitire to inhaled plasma. Z-IcLaughlm [1933] described an unusually rich 
^^stribution of vagal nerve endings in the cat’s visceral pleura. It was con- 
sidered possible that these numerous endings were responsible for tbe cat’s 
P^nfliar seiisiti-rity to injections of stored plasma and serum, but the intra- 
pleural injection of stored plasma was without effect. 


•6eucooutes. The ureser 
increase in the numr.er 
suggested that the crrr: 
emboli, sue 


Lce of pathological changes in the lung, and the great 
of polTmorpbonucIear leucocytes in the lung ves^^ls 
ping of leucocytes might produce minute puhnona^ry 
7 cause the cardiac and respiratory changes. Keflex 
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slowing of the heart, an'd respiratory effects similar to those produced by 
plasma injection, have been described by Dunn [1920] and by Binger k 
Moore [1927], Binger, Boyd & Moore [1927] and Binger, Brow ifc Branch 
[1924-6] as a result of multiple minute pulmonary emboU. The emboh were 
produced in these cases by the injection of starch grains or various plant 
seeds into the pulmonary circulation. 

It was at first thought that plasma infiuenced the leucocytes in such a way 
as to make them adhere severally to the waUs of capillaries. If, however, the 
injection was made into the femoral artery, the only difference from intra- 
venous injection noted was a delay in the onset of the symptoms. In order 
to test the embolism theory stiU further, recourse was made to the injection 
of dialysed Indian ink (Higginson’s American Drawing Ink, non-waterproof). 
Rous & Gilding [1929] showed that Indian ink agglutinates in vitro and in vivo 
when mixed with plasma. Three c.c./kg. of this ink was injected intravenously 
and produced no response. Finally, when plasma was injected into the splemo 
vein, it had no effect on the, heart, blood pressure, respiration, etc. but s 
produced a leucopenia. The missing leucocytes were foimd when sections o 
the lungs were examined. This last experiment shows that the sticking o 
leucocytes within the lung is not responsible for the reflex response to plasma 
injections; further, that the liver can protect the animal against the tone 


substance in stored plasma. ' ' . • 

Brodie [1900], quoted by Ponder '[1928], demonstrated that one mjMtion 
of plasma desensitizes the animal for a time (about 40 min.). We have oun 
that this desensitization disappears after an .-interval of 30-36 min. 
jection thereafter will produce aU the -phenomena described above excep ^ 
leucopenia, which, however, still persists from the previous injection , 
leucocyte count does not return to the pre-injection level until an inte ^ 
about 2 hr. has elapsed. Leucocyte counts made 36 min. after “ 

frequently lower than those determined immediately after the inj^l^OT. 
is further proof that the leucopenia is not the 'cause of the other effec ■ 
Experiments in cross-precipitation with stored human plasma an 
plasma showed that no precipitins exist in- either blood for the pro 
the other. .Also, even had precipitins been present in the cat/human p ; 
this would not have explained the activity of the stored cat p asma. 
red cells were not agglutinated by stored human plasma. 

In the above experiments the plasma or serum was injected rapi J ^ 
the vein within 2-3 sec. It was decided therefore to try the effect of ^ 

of plasma at a rate more comparable with that of human trans ^ oM. 
plasma is run into a vein at a rate of 0-6 c.c./kg./min. for 20 mm., ® ^ 
on the various systems is much less than that described above, u 
is marked fall of blood pressure and cardiac inhibition at the 
transfusion. The blood pressure rises gradually, but is usually o 
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prevailing at the Queen Elizabeth Hospital, citrate being used as the anti- 
coagulant. ^Half of the blood was put into the blood bank at the hospital 
The other half was centrifuged asepticaUy at 3000 r.p.m. for 20 min. to 
remove the co^uscles. A sample of the plasma was then injected into a cat 
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Fig, 13. Development of toxicity in citrated cats* plasma or semm. I. Effect of 2 c.c. cat seruni 
and plasma, 2 days old. II, Effect of 2 o,c. cat plasma, 40 days old. HL Effect of 2 ac 
cat semm, 42 days old. 

within 46 min. of bleeding. Injections of 0'6, 2 and 10 c.c. of this citrat^ 
plasma were completely inactive. The remaining plasma was then decan 
asepticaUy into sterile vessels and stored with the whole blood at the b oo 
hank at the hospital. This plasma and whole blood was thus exposed to t e 
same conditions as that which has been obtained from time to time om 
stocks at the blood bank. No toxicity had developed in 7 days, a slight 
toxicity in 14 days, and maximum toxicity in 24 days (see ig. )■ 6 
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citiated whole blood behaved in the same way as the separated plasma; this 
differs markedly from the findings with heparinized plasma reported below. 

To rale out the effect of the citrat-e used as an anticoagulant, some blood 
collected from the same donor at the saVne time as the above was made 
incoagulable with sterile heparin (4 mg. in 4 c.c. of saline per 100 c.c. of blood). 
The subsequent treatment was identical with that for blood collected into 
citrate. 

It will be seen from Fig. 12 (III) that the separated heparin plasma became 
very toxic within 7 days. We can offer no explanation of this unexpected 
result. No toxicity developed in the heparinized whole blood until 3 weeks 
had elapsed, when signs of coagulation appeared. 

Subsequently, samples of pooled plasma of different ages (from 7 to 28 days 
old) were supplied by Dr W. H. P. Cant (Regional Blood Transfusion Officer). 
The pooled plasma, like that from a single donor, is non-toxic until it is 
about 21-23 days old. 

Stored cats’ plasma behaves in a similar way to human plasma, except 
that it becomes toxic rather more quickly, full toxicity being developed in 
2-3 weeks (see Fig. 13). 

As stored human serum had been found to be toxic to cats, it was at first 
thought that the toxicity which develops in stored plasma might in some way 
he connected with the clotting mechanism, as the heparinized whole blood 
became toxic at the same time as clotting occurred. 

Serum was prepared by recalcification of citrated whole blood and plasma 
less than 14 days old.'T^his serum was found to be entirely without effect on 
the animal. Both human and cats’ bloods behaved similarly in this respect. 
Cat’s serum, obtained from clotted fresh blood, or by centrifugation of de- 
fibrinated blood, develops toxicity at the same time as plasma obtained from 
the same blood, i.e. ■within 2—3 weeks. 

It is proved therefore that fresh plasma or serum, either human or cat’s, 
13 non-toxic to the cat. When the same preparations are tested over a period 
of one month, a toxicity is found to develop. 


Investigation of toxic constituent 

Investigations were made with the obiect of discovering the nature of the 
toxic constituent of stored plasma and serum. 

activity of preparationa was the production of a typical response (described above) 
injection into the saphenous vein of the cat. The doses for injection were calculated in 
B of tbe volume of the original plasma from which a given fraction had been prepared. 

Tho stored plasma -was tested for the presence of histamine by tcb-t,. of 
made by Baraoum & Qaddum’s method [1935], 

^ ammonium sulpAoie. The plasma proteins were friotdonated by the addition 
the , ^ of ammonium sulphate. The ammonium sulphate solution was added to 

Plasma in the calculated volumes required to produce ■various percentage saturations; for 
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foil saturation, solid ammonium sulphate was added to the plasma until' undlssolved orysWi 
remained at the bottom of the vesseL 

At each stage of saturation the precipitate was filtered off, sucked as dry as posable on a 
Buchner funnel, dissolved in water, and dialysed to remove the remaining ammoniam sulphate. 

Fractionation by lead acetate. Plasma or serum was brought to pH 6’0 by the addition of dilate 
acetic acid, the pH being estimated by means of a glass electrode and the Cambridge pH meter. 
Lead acetate in 10% solution was then added in the proportion of 10/100 0 . 0 . of plasma or 
serum. The pH was then raised by stages, by the addition of NaOH to 6-0, 6-6, 7-0 and so on to 
pH 9-0, by whioh'time all the protein had been precipitated. At each stage the preoipitato was 
centrifuged off and taken up in Sorensen’s phosphate buffer, pH 8-0, the precipitate from 100 ac. 
of plasma being taken up in 20 0 . 0 . of buffer. The lead was precipitated as lead pho^hate and 
the protein went into ^solution. The precipitated lead was removed by centrifugation, md a 
suitable dose of the protein solution was injected into an animal in order to test its activity. 
The phosphate buffer itself had previously been found to be non-toiio to the animah 

The lead fractionation was used both on the original plasma and serum and on protein 
tions prepared by fractionation with ammonium sulphate. 

Fractionation by metapbosphoric acid. In order further to fractionate the proteins of the 
or possibly to elute soma adsorbed non-protein substance [Kimington, 1941], solntioM ® 
metaphosphoric acid were used. The metaphosphorio acid was added to bring down f ^ ^ 
the solution in stages to pH 2-0 by which time all the protein in the solution had hem ^ 

At each stage the precipitated 'protein was centrifuged off and taken up in saline, 
few drops of NaOH had been added to neutralize the atdd. The solutions of protein so prodn 
were tested for activity in the usual way. , 

t 

Results 

The extracts of plasma made by Barsomn & Gaddnm’s method caused o^y 
a slight and 'transient fall of blood pressure in the cat. Further proof that 
reaction is not due to the presence of histamine in the plasma, is ^ 

the fact that an injection of histamine gives no protection against an inje on 
of plasma made immediately afterwards. K, however, two injections o eq^ 
doses of histamine are made successively into a cat, the second mjec 

produces a much reduced response. " 

When serum was dialysed overnight against saline, the dialysed serum 
active, but the dialysate completely inactive (Fig. 14). Ultrafiltra on 
stored plasma produced an active ultraconcentrate and an ultrafiltra 
had only a slight depressor activity. Thus it seemed that the toxic su 
must be a large molecule or must be adsorbed on to a Imge molecule. ■ 
Plasma was dialysed against a continuous flow of Birmingham 
(which is almost as pure as distiUei water). The precipiteted eug o_ 1 
Altered off, taken up in saline, and a portion injected; it proved ^““P 
inactive. The dialysed plasma was taken to pH 6-3 when a Jin 

of globulin occurred. This, too, proved completely mactive when , 

salSie and injected. The whole of the activity was still present m the p 

• remaining in solution. -xt, „,T,mnnium 

The precipitate produced by half-saturating stored plasina m 

.dphate ™ ffltered off, token up in Wed a Tnd 

inactive. However, when the filtrate from half-saturation F 
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injected, it was found to have an activity equal to that of the original plasma, 
when iniected in a comparable dose. Attempts were made 'to fractionate the 
albumin further by means of ammonium sulphate. It was found possible to 
bring down aU the active substance between 06 and 75% saturation with 
the salt. The active fraction was further purified by precipitation with lead 
acetate; the activity went Avith the proteins precipitating between pH 0'5 
and 7*0. The protein content of this final active fraction estimated by 
Kjeldahl’s method was found to represent only 8% of the original serum 
proteins. 


CAT 2-3 Kilo 

I.4.CC.DIAL 


JWi 



_ , Sepum 

Kb 

0-5CC. \ 
OlALySEO 1 
SERUM 1 
7/1/Al 1 

\ 

CARDIAC 

MASSACE 


',1 f 


AR. 


10 SECONDS 


Fig. 14. Activity of dinlVEcd scrum and scrum diah-satc. 

The active protein fraction prepared by the lead treatment could not be 
farther purified by treatment with metaphosphoric acid. The active fraction 
came down between pH 3-6 and 2-6. By treatment of the original plasma 
with phosphoric acid, an active fraction could be separated over the same 
pH range. 

It seems therefore that the substance responsible for the toxic action of stored 
plasma and serum is a protein of the albumin class. This protein is precipitated 
between 66 and 75% saturation with ammonium sulphate; between pH 6'0 and 
I'O by the lead acetate treatment; and bettveen pH 3-6 and 2-6 by treatment with 
Metaphosphoric acid. The active protein represents not more than 8% of the total 
protein of the original serum or plasma. This protein gives a strong MiUon’s 
reaction and a feeble glyoxylic reaction. 

Experiments on other animals 

Cats proved to be sensitive animals for estimating and analysing the changes 
hat occur when plasma or serum is stored, but it was of interest to see if 
any of these reactions could be obtained with other animals. For this purpose, 
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a few experiments were done on dogs, rabbits and human beings with the 
following results. 

Dogs. Doses comparable to those in the oat had little effect, but if 20-60 c.o. 
of stored plasma was injected intravenously during the course of 1-2 min. 



Time in hours 

Fig. 16, Continuous lines — total leucocyte count. Dotted lines — ^polymorphonuclear co 
L Subject— R.AJItf.0, H- Subject— 

iuto dogs of 7-16 kg., the blood pressure fell to about 60-70 mm. Sg, w 
turning to normal in 2—3 min . The heart rate was unaffected, but oooasiona 
dropped beats occurred. Respiration may ceeise altogether, or become rapi 
and shallow for several minutes. There was no mictuntion, defae^taon, opm 
thotonos or pupillary reaction. There was a slight leucopenia o owe 
leucocytosis. At autopsy, small congested areas were to be seer 
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and microscopically tlie arterioles and capillaries were crowded with. poly- 
morphonuclear cells. 

Fahbits. Intravenous injections of 2 c.c. stored human plasma had no 
demonstrable action, except for a momentary slight leucopenia, followed by 
a pronounced leucocytosis, the cell count returning to pre-injection level in 
the course of 3-4 hr. The intravenous injection of 20 c.c. of stored plasma in 
the anaesthetized rabbit had no immediate effect on heart rate or blood 
pressure; respiration became rapid and shallow; there was no micturition, 
defaecation, opisthotonos or pupillary reaction. Death occurred after SO min. 
The white blood cell count fell from 6750 to 1650 and polymorphs from 4050 
down to 82. 

ilan. Stored plasma known to be toxic to cats was injected into two 
subjects as follows: 

(72 J:g.). 60 c.c. injected into antecubital vein during the course 
of 20 sec. Iso effects on respiration or heart rate were observed. The subject 
said he had ‘a muzzy sensation like early anaesthesia, which soon passed off’. 
He had intense headache next day. The effects on white blood cells are shown 
iu Pig. 15. 

R.P.G. (62 kg.). 180 c.c. injected into saphenous vein during 2 min. had 
no effect on the heart rate recorded from the opposite leg, but a few dropped 
beats occurred; respiration recorded by stethograph showed no effect. During 
the injection, the subject felt and looked flushed, his lips and tongue felt 
numb and swollen and his throat dry for 2—3 min. He felt no nausea, but had 
headache for 24 hr. and general malaise and loss of appetite for 48 hr. The 
effects on white blood cells are shown in Fig. 15, 


Discossiox 

The above experiments show clearly that a change occxirs in plasma or serum 
^hen it is stored for upwards of 3 weeks. The nature of this change whether 
physical or chemical is obscure, but that it is associated with the development 
of a substance extremely toxic to the cat is proved. The substance appears 
fo be a protein belonging to the albumin class, or else is firmly adsorbed on 
to such a protein. Brodie [1900] obtained a similar reaction with serum, and 
stated that this active substance was only produced when blood clots, and 
also that the interaction of blood corpuscles was a necessary condition for its 
°rmation. Neither of these views is tenable in the light of our experiments. 

stored plasma and serum used here have been subjected to filtration by 
t«itz filters which remove all cells and platelets, and yet plasma, without 
c otting, has been shown to become toxic on storage. Similarly, fresh citrate 
does not become toxic when clotted by the addition of calcium, a fact 
^ ch puzzled Brodie. Beid & Bick [1942] suggest that the toxic substance 
serum is a protein which they state arises from platelets. This is unlikely 
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for the following reasons: (1) Plasma which has been passed through a Seitz 
bacterial filter, and therefore contains no platelets, develops toxicity on 
storage. There is- no difiTerence between the time of development in filtered 
and unfiltered plasma. (2) Presh serum, prepared by whatever method, has 
not been found to be toxic when precautions are taken to remove the fibrin 
filaments. Stored serum develops activity at the same time as stored plasma. 
(3) Whole blood contains more platelets than separated plasma. If Eeid k 
Pick’s view were correct, the plasma of whole blood should become toxic 
more rapidly, and should acquire a greater degree of toxicity than separated 
plasma. This, however, is not the case._ Heparinized plasma stored with red 
cells, i.e. as whole blood, becomes toxic more slowly than separated plasma. 
There seems to be no difference in the degree of toxicity finally attained m 
the two cases. 

The view that the toxic substance is a protein is supported by the fact that 
many other proteins and protein derivatives produce effects similar to plasma 
when injected into cats, and-into some other animals. PoUitzer [1886] de- 
scribed a reaction in dogs and cats to the injection of Witte’s peptone, and 
attributed the reaction to the presence in the ‘peptone’ of certain proteoses. 
Warious other workers, including Chittenden, Mendel & Henderson [1899]i 
Thompson [1896, 1899] and many more recent workers, have shown that t e 
injection of peptones and proteins into cats and dogs produces vasodilatation 
with a fall in systemic arterial blood pressure. The mode of action of t ese 
substances has, however, remained obscure. 

A number of authors have described a leucopenia in animals as a res o 
the intravenous injection of various substances. Bruce [1894] describe t 
disappearance of leucocytes from the peripheral blood of rabbits afto 
injection of peptone. The polymorphonuclear leucocytes were affecte , 
their disappearance was not due to destruction, but to their accumulatio 
the blood vessels of certain organs, chiefly the lungs. There was also an incre 
in the polymorphonuclear leucocytes in the spleen and liver. 

, Widal, Abrami k Janovesco [1920] described a leucopema m 
duced by intravenous injection of portal blood obtained during the g 
of proteins. They also noted a leucopema in dogs in which an Eck fist^a 
made after a protein meal. They gave the name of ‘haemoclastio^cnsis 
reaction, which they attributed to the passage of albuminoses , pro , 

protein digestion, which are normally removed by the liver, into ^ f „ 

circulation. These authors described a similar phenomenon m liver e 
in man, and made this the basis of a test for liver function. riQ^Rl 

More recently, Staub & Butcher [1938] and Staub, Mezey k Goland^ [ J 
have described a leucopenia in response to injection V g^ot 

Solution, ot glycogen, gun. utebio, end 
iu dogs and rabbits. The granulocytes are more affected than th ymp 
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and tie cells wMch. disappear from tie blood are found in clumps in the lung 
vessels. They suggest that this is a result of the agglutination of leucocytes 
■which have phagocytosed the iniected macromolecules, and thus lost the 
power of passing through the lung capillaries. Vcilens [1938] noted a Icuco- 
penia as a result of the intravenous injection of various hydrophil colloids into 
gninea-pigs, rabbits and cats, and also as a result of decreased velocity of 
blood fio'w in these animals. He attributed the leucopenia to changes in the 
hydrauhes of the circulation ■which caused the white blood cells to become 
‘marginal flo^wing’ instead of flowing in the axial stream, and also made them 
adhere to the vessel walls. These changes in the distribution of white cells 
were considered by him to be part of the body’s defence reaction to the in- 
jection of foreign substances. 

In view of the similarities between the grosser symptoms of plasma in- 
jection and of anaphylactic shock, it is of interest to note that similar changes 
occur in the distribution of the blood cells in the two cases. 

Biedl k Kraus [1909] described the occurrence of leucopenia in anaphylactic 
shock, and Andrewes [1910] noted this both in anaphylaxis in rabbits and as 
a result of injection of various bacteria intravenously in these animals. He 
noted, too, that polymorphs were present in excessive amounts in the liver. 

In anaphylactic shock in dogs. Dean & Webb [1924] noted a polymorpho- 
nnclear leucopenia followed by leucocytosis. Webb [1924] subsequently showed 
that the leucopenia was due to polymorphonuclear cells adhering to vessels 
TOhin the lung. Deep cuts in the lung substance, which produced marked 
haemorrhage, failed to release the adherent leucocytes. Dean [1922], in a case 
of anaphylaxis in man, reported that the sinusoids of the liver and vessels of 
the lungs were packed ■with white cells. Amongst the leucocytes were a large 
number of eosinophils. In addition be noted rupture of the alveolar walls in 
certam areas, but, as artiflcial respiration had been performed, this might 
possibly be ascribed to external trauma. 


The injection of atropine very much decreases the cat’s response to stored 
plasma. Auer [1910] showed that atropine diminishes anaphylactic shock in 
the guinea-pig. Lumiere L hleyer [1938] showed that this was also true for 
the anaphylactoid response to miection of ground p'uraice stone. It seems 
possible, therefore, that anaphylactic shock, as well as the anaphylactoid 
respomes to injections of stored pjlasma and eeruro. and of particulate matter, 
“fTin part consist of a rehexly evoked outburst of parasvmpathetic acti^ritv 
^hich is paralvsed bv atro-nhne. 


The results of the exnerirr.ente 
^«xed plasma or sert.to m a renez 
sfltnent of the inr sorted ft.-i and t 
fia the parasTmnatiaet.o .t-e.'vot.s 
Anaesthetized and d stare '.rate a.o; 


i.n-dicate that the response to injection of 
o,.e. The re.iex is stimulated by some con- 
tdferent iiat.o is largely, but not entirelv, 
system. The muscular movements in the 


.•na_s eno' 


t.nat otner parts of the nervous 
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system are mvolved. The receptors are mainly m the lungs, but, as tie 
pupiUary reactions to stored plasma ia vagotomized animals show, part of 
e sensory pathway is from the abdominal area via- the splanchnio' nerves, 
possibly the pathway demonstrated by Bain et a/. [1936] which they showed 
earned pupHlo-dilator impulses from the intestines. 

The speed with which the respiratory rhythm changes to that of the Cheyne- 
tokes type is too quick to be produced by any oxygen lack or accumulation . 
of COj . The records of intrapleural and pulmonary arterial pressures (Figs. 2, 6) 
si^gcst that the volume and pressure of blood in the lungs increases after the 
injection of STOred plasma; whether this increased blood pressure and volume 
or the plasma itself stimulates the vagal lung receptors is uncertain. Partridge 
[1939] beUeves that the efferent vagal fibres which cause reflex acceleration 
' of respiration in the dog are stimulated by circulatory changes in the lung. 
Hammouda, Samaan & Wilson [1943], however, deny this. Daly, Luddny, 
Todd & Vemey [1937] showed that a rise in pulmonary arterial pressure may 
cause variations in respiratory rate; vagotomy abolishes this response. No 
effect is produced by making the animal breathe a fine cloud of plasma or by 
injecting plasma into the pleural cavity. If, therefore, the nerve endings in 
the lung are sensitive to a chermcal substance, these endings must be in close 
apposition to the lung vascular system. 

The immumty’ to further injections of stored plasma mentioned above, 
which lasts for a period of about 36 min ., is difficult to explain on any immuno- 
logical basis. But, as the response is reflex in nature, the ‘immumty’ is 
doubtless due to a fatigue of sensory endings. This view is home out by the 
effects of operative interference in the chest and overventdlation by artificial - 
respiration noted by Brodie [1900], and also by the fact, noted above, that the 
effects on respiration last for a period up to 20 min. 

It is probable that the acute symptoms of massive pulmonary embolism 
in man are a manifestation of this reflex. 

SUMMAEY 

1. Plasma or serum develops a toxicity on storing for 3—4 weeks. Stored 
human, or cat pjasma may kill a cat when so httle as 0-6 c.c. is injected 
intravenously. 

2. Clottmg of plasma plays no part in the development of toxicity. Break- 
down of platelets is not responsible, since filtered plasma becomes toxic at the 
same time as unfiltered plasma. 

^ 3. The activity is associated with a protein of the albumin class. 

4. The effects of intravenous injection in the cat are: vagal inhibition of 
the heart, faU of blood pressure, altered respiration, increased peristalsis, 
micturition,' defaecation, vomiting, constriction of the pupil, opisthotonos. 


EFFECTS OF STORED PLASMA 4G9 

all of reflex origin, and a Icucopenia wliicli is followed, nft-cr some hours, by 
a leacocytosis. 

5. The mam sensory nerves for this massive reflex arc the vagal lung 
fibres, and most of the effects arc abolished by vagotomy or by atropine. 

6. The mode of stimulation of the sensory nerve endings has not been 
•determined, though it is possible that pressure changes in the pulmonary 
circulation may in some way act as a stimulus. 

7. The changes in white blood cells, as well as the more gross responses to 
the injections, are very similar to those occurring in anaphylactic shock and 
in anaphylactoid conditions. These different conditions may merely represent 
different methods of eliciting a general physiological response t-o the injection 
of foreign matter into the circulation. 

The nnthora 1™!! to thank Dr R. A. SL Case for kindly acting ns a subject; Dr \V. H. P. Cont 
for providing the samples of human plasma and somm and for his continued interest in tho work ; 
Dr C. R. St Johnston for the collection of special samples of blood; Dr F. Jacoby for filtering 
wmples of plasma from time to time; and Jlr K. A. Webb for his invnlnnblc technical assistance. 


REFEREXCES 

Androwes, F. W. [1910]. ioncei, 2. 8. 

Aier, J. [1910], Amer. J. Physiol. 26, 439. 

Ayhrard, F. X., Mainwaring, B. R. S. k. Wilkinson, J. F. [1940]. Lanctt, 1, C85. 

Bain. W. A., Irving. J. T. & ilcSwinoy, B. A. [1935]. J. Physiol. 84, 323. 

Binoum, G. S. 4: Gaddum, J. H. [1935], J. Physiol. 85, 1. 

Bayiiis, W. JL [1920]. Brit. J. exp. Path. 1, 1. 

- Best, C. H. & Solaudt, D. Y. [1940]. Brit. med. J. 1, 799. 

Biedl, A. 4 Kraus, R. [1909]. fTien. Idin. JTschr. 22, 363. 

Bmger, C. A. L., Boyd, D. 4 Moore, R. L. [1927]. J. Exp. Med. 45, 643. 

Bmger, C. A. L., Brow, G. R. 4 Branch, A. [1924-^1. J. clin. Invest. 1, 127, 165. 

Bmger, C. A. L. 4 Moore, R. L. [1927]. J. Exp. Med. 45, 633. 

^ck, D. A. K. [1940]. Brit. med. J. 2, 693. 

' D. D. 4 Wright, D. G. [1938]. Ann. Surg. 107, 500. 

Brennan, H. J. [1940]. Brit. med. J. 1, 1047. 

Brewer, H. F., Makels. M^ OUver, J. 0. 4 Vaughan, J. M. [1940]. Brit. med. J. 2, 48. 

Brodie, T. G. [1900]. J. Physiol. 26, 48. 

Brodie, T. G. 4 Russell, A. E. [1900]. J. Physiol. 26, 92. 

Brown, H. A. 4 MoIIison, P. L. [1940]. Brit. med. J. 2, 821. 

Bruce, D. [1894]. Pros. Boy. Soo. B, 65, 295. 
nttle, G. A. H., Kekwick, A. 4 Schweitzer, A. [1940]. Lancet, 2, 507. 
ttenden, R. H., Mendel, L. B. 4 Henderson, Y. [1899]. Amer. J. Physiol. 2, 142. 

J. W. 4 Dible, J. H. [1940]. Lancet, 2, 294. 

Todd, Alison 4 Veraey, E. B. [1937]. Quart J. exp. Physiol 27 123 
H. R. [1922]. J, Path. Boot. 25, 305. u < ■ 

«n, H. R. 4 Webb, R. A. [1924]. J. Path. Bad. 27, 65. 

Ue Kmif; p. H. [I917]. j, infect. Die. 20, 717. 

L. W. 4 Keith, A, J. [1939]. Amer. J. din. Path. 9, 591. 

^ [1910]. Z. ImmunFortch. It, 117. 

_ ur, C. K. 4 Erittingham, H. H. [1919], Arch, intern. Med. 23 133. 

■Uuun, J. S. [1920]. Quart. J. Med. 13, 129. 

JH. cn. 


30 



470 


E. H. GILDING AND M. E. NUTT 

Edwards, E. R. & Davio, T. B. [1040]. Brit. med. J. 2, 73. 

Elliott, G. A., Maofarlane, R. Q. & Vaughan, J. M. [1939]. Lancet, 1, 384. 

Fine, J. & Gondel, S. [1040]. Ann. Surg. 112, 240. 

Em nkiin , K. J. & Gliding, H. P. [1932]. J. Physiol. 76, IP. 

Girones, L. [1039]. Med. Klin, 35, r^20. 

Hantmonda, M., Bamaan, Adli & Wdson, W. J. [1043]. J. Physiol. 101, 446. 

Hughes, J., Mudd, S. & Strecker, E. A. [1938]. Arch. NeuroL Psychiat., Chicago, 39, 1277. 
Irving, J. T., McSwiney, B. A. & Suffolk, S. P. [1037]. J. Physiol. 89, 407. 

Jorda, E. Duran [1930]. Ldncel, 1, 773. 

Knott, E. A. & Koomer, E. BL [1039], Lancet, 2, 1060. ' 

Landols, L. [1876]. Die Transfusion dts BlvXea. Leipzig. I 

Leedham-Groen, J. 0. [1939]. Brit. med. J. 2, 849. 

Le hm ann, E. P. [1939]. J. Amer. med. Ass. 112, 1406. 

Levinson, S. A. [1923]. J. Immunol. 1, 183. 

Levinson, S. 0., Neuwelt, E. & Nooheles, H. [1940]. J. Amer. med. Ass. 114, 466. 
Iiewisohn, R. & Rosenthal, N. [1933]. J. Amer. med. Ass. 100, 468. 

Lumiiro, L. & Moyer, P. [1938]. O.B. Soc. BM., Paris, 129, 1196. 

Magladery, J. W., Solandt, D. Y. & Beat, C. H. [1940]. Brit. med. J. 2, 248. 

McClure, R. D. [1039]. J. Amer. med. Ass. 113, 1808. 

McLaughlin, A. L G. [1933]. J. Physiol. 80, 101. ■' 

Novy, F. G. & De Kruif, P. H. [1917]. J. infect. Bis. 20, 776. 

Partridge, Ruth C. [1939]. J. Physiol. 98, 233. 

Patterson, J. L, Hamilton [1939]. Brit. med. J. 2, 908. 

PoUitzer, 8. [1886]. J. Physiol. 7, 283. 

Ponder, E. [1028]. Quart. J. exp. Physiol. 18, 133. 

Ravitsch, M. M. [1940]. J. Amer. med. Ass. 116, 171. 

Reid, G. is Biok, M. [1942]. Med. J. Aust. 1, 246. 

Rimington, 0. [1941]. Biochem. J. 86, 736. 

Rons, P. & Gilding, H. P. [1920]. J. exp. Med. 60, 189. 

Rous, P. & Wilson, G. W. [1918]. J. Amer. med. Ass. 70, 219. 

Soudder, J., Bishop, K. & Drew, C. R. [1940]. J. Amer. med. Ass. 116, 200. 

Sherrington, C. S. [1919], Mammalian Physiology. Oxford: Clarendon Press. 

Staub, BL & Butcher, K. [1938]. Klin. IFsckr. 17, 1666. ^ 

Staub, H., Mozey, BL & Qolaudos, G. [1938]. Klin. Wsehr. 17, 1601. 

Stewart, C. P. [1940]. Edinb. rr\ed. J.N.S. VI, dAl. 

Strmnia, M. M., Wagner, J. A. & Monaghan, J. E. [1940o]. J. Amer. med. Ass. 114, 1337. 
.Strumio, M. M., Wagner, J. A. & Monaghan, J. E. [19405]. Ann. Surg. Ill, 623. 
Thompson, W. H. [1890]. J. Physiol. 20, 466, 806. 

Thompson, W. H. [1899]. J. Physiol. 24, 374, 396. 

Vejlens, Q. [1938]. Acta Path. Microbicd. Scand. Suppl. 33. 

Webb, R. A. [1924]. J. Path. Bad. 27, 79. 

Weiss, 0. [1806]. PflOg. Arch. ges. Physiol. 66, 216. wo om 

Widal, F., Abrami, P. & Janovesco, M. N. [1920]. O.B. Acad. Sci., Paris, I’ll, 74, 

Wright, D., Bond, D. & Hughes, J. [1938]. Arch. Neurol. Psychiat., Chicago, 89, 1288. 
Zinsser, H. [1911]. J. exp. Med. 14, 26. 



1 


J. Physiol. (i944) 102, 47I"483 616-001.36:612.352.1 


REVERSIBILITY OF CARBOHYDRATE AND OTHER 
CHANGES IN RATS SHOCKED BY 

A CLAMPING TECHNIQUE 

/ 

By R. E. HAIST a>'d JEAN I. HAJULTON, From the Department 
of Physiology^ University of Toronto, Toronto, Canada 

{Received 20 Avgust 1043) 

Secondary stock may be produced by a variety of methods. In the experi- 
ments to be described, a simple clamping technique has been used to induce 
shock in rats. Employing this procedure it is possible to demonstrate that 
CErtam changes in the shocked animals may be reversed and the fatal outcome 
prevented. Liver glycogen studies indicate that during the period of shock 
that follows the removal of the clamps, the rats exhibit a reduced ability 
to store glycogen when glucose is administered. The ability to store glycogen 
m the liver returns when the injured limbs are reclamped. 


Methods 

h’emale albino rats of the Wistar strain, weighing between 150 and 250 g., were 
^cd as the experimental animab. Each rat was suspended in a sling, the 
^gn of which was a slight modification of one previously used by Bunker & 
^landt in thb department. A clamp was appbed to each hind leg of the rat. 

e cbmps were made from rubber tubing clamps by the addition of curved 
metal pbtes (Eig. 1), The clamps were tightened sufficiently to cut off the 
mreidatioa to the limbs. The nut on the clamp was tightened with a small, 
^msUy constructed, constant torque wrench. The clamps were letightened 
( 19 ^ ^Iter they were first applied. The clamps were left on overnight 
5 hr.), though a shorter period may be used. When the clamps were 
removed, the limbs became swollen rather quickly arid the animab died within 
sir hours. Throughout the test the rats were kept in a constant temperature 
oox maintained at 27° C. 

Bor all experiments in which glycogen estimations were made, food and 
25 o7 ^™oved 24 hr. prior to the estimated time of sacrifice. One c.c. 
^/o glucose was given by stomach tube at the time the food was removed. 
E anaesthetised with sodium amytal just before the liver 

P w wexe^ taken. The liver glycogen was determined by the method of 

30-2 
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Good, Bjcamer & Somogyi [1933]. Blood sugar levels were obtained by tbe 
Somogyi method [1937]. The absorption of glucose from the gastro-intestinal 
tract was estimated by the method of Cori [1926]. The limb volume was esti- 
mated by measuring the volume of fluid displaced froni graduated cylinders 



Fig. 1. 


when the leg was immersed to a known level. The leg was first placed in 
containing a wetting agent and each estimation was made in triplicate. 6 
method, while relatively crude, gives values which are reproducible. T w 
shown by the results of three separate series of twelve' successive sing e 
measurements : 

Leg Average volnme o.o. Standard deviation 


12-3 

9-8 

8-3 


± 0-3 

± 0 - 4 : 

± 0-3 


' Resui-ts 

When the clamps are removed from the rats, the limbs swell and the ani^ 
die within a few hours. The survival times for 84 rats are shown^ e 
gram (Fig. 2). The average survival time is 3 hr; 12 min. and the mo 

between 2 and 2i hr. i values 

Liver glycogen in shock. In the shocked rats (clamps remove o 

for hver glycogen were observed (average, 0-043 g. % for 20 rats). e 
are also low in the control rats fasted for 24 hr., though usu y no 
those in the shocked animals (average, 0-142 g. % for 20 rate). the 

have the clamps left in position show intermediate values u are 
control levels Wrage, 0-086 g. %). The glycogen levels are illustrated 

Fig. 3. ■ ■ , ■ 
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Glycogen storage foUoicing glucose administration. At the time the olampa 
were removed from the shocked rats, 2 c.c. 26 % glucose was given by stomach 
tube to each of the control and shocked animals. Liver glycogens were deter- 
mined 4 hr. after the clamps'^ were removed. Samples were obtained from 
control and shocked animals at the same time. Twenty control rats showed an 



Fig. 4. 

average liver glycogen value of 1-16 g. %, an increase of I’O g. o/ 

the fasting value. Twenty shocked rats gave an average value o 

an increase of 0-06 g. %. This increase is relatively slight, coinpare wi 

of the controls. The difference is not due to the clamping nnded 

having the clamps left in place until after the Hver was 

like the controls when glucose was given. The average , gj in 

clamped animals receiving glucose was 1-06 g. %_or twelve 
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clamped rats receiving no glucose. The glycogen changes in the different groups 
folIoTring the administration of glucose are compared in Fig. 4. From this , 
chart it will he evident that the shocked rats exhibit an impaired ability to 
store glycogen in the liver when sugar is fed. The change occurs only after the 
removal of the clamps, that is, after the restoration of circulation to the legs, 
since the clamped rats store glycogen as do the undamped controls. 

AbsoTpdon of glucose from the gastro-inteslirtaJ tract. It was necessary to 
determine whether or not the impaired storage of glycogen in the shocked rats 
was due to a poor absorption of glucose from the gastro-intestinal tract. Furst, 
intraperitoneal injections of glucose were tried. The results were the same as 
when the glucose was given by stomach tube. Next, the absorption of glucose 
was compared in 10 shocked rats and in 10 clamped controls by determining 
the residue of reducing substances in the gastro-intestinal tract 4 hr. after the 
glucose was given by stomach tube. In both the shocked and control animals 
practically all the glucose had been absorbed at that time (Table 1). 


Tabtu 1. The absorption of glncose from the gastro-intcstmal tract. 
(2 c.c. 25 % gincose given by stomach tube. Bats killed in •! hr.) 


Bat wt. 
g- 
211 
200 
170 
197 
ISS 
231 
229 
217 
210 
19S 

Average 


Clamped controls cats 


Blood 

sucar 

Intestinal 

residue. 

Reducing 

substances 

Glvcogen 

Rat wt. 

Blood 

snrar 

Intestinal 

residue. 

Reducing 

substances 

a 

Glycogen 
g- % 

mg-% 

mg. 

g- % 

g- 

“g- % 

mg. 

1S6 

12 

— 

169 

340 

44 



170 

109 

— 

203 

234 

18 



16S 

92 

— 

213 

325 

9 



120 

10 

— 

240 

6S0 

12 

0-14S 

174 

11 

1-64 

221 

363 

32 



185 

19 

1-37 

202 

363 

'31 

0-436- 

235 

22 

OSS 

204 

420 

124 

0055 

181 

29 

0-71 

1S9 

402 

127 

0073 

246 

11 

0-79 

1S9 

390 

70 

0077 

260 

23 

1-17 

223 

613 

71 

0-222 

192 

34 

1-09 


414 

54 

0-168 


^^Tiile the actual rate of absorption is not measured in this experiment, it 
seems evident from the table that the impaired storage of liver glycogen in 
wkedrats is not due to poor absorption of sugar from the intestinal tract. The 
I uc^ storage of liver glycogen occurs despite the fact that the blood sugar 
®f el is Terr high in the shocked rats given glucose. The average blood sugar 
■7 ues for several different groups of rats are presented in Table 2. 

t is clear that in the shocked animals there is a greatly diminished ability 
o store glycogen in the liver at a time when the blood sugar is very high. 

suggests the possibility that the changes might be associated in some way 
^ an insulin deficiency. The blood sugar levels in the clamped control rats 
ere higher than in the fasting animals which were not clamped. The liver 
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Table 2. Blood sugar changes 

No. of 

Average 
' blood suga 

mg. % 

Sample 

rats 

Control rats (no clamps) 

6 

00 

Control rats, 4 hr. after sugar 

6 

144 

Clami)ed control rats 

6 

148 

Clamped, 2 hr. after sugar 

' 6 

248 

Clamped, 4 hr. after sugar 

10 

192 

Shocked rats (clamps off) 

' 6 

70' 

Shocked, 2 hr. after sugar 

6 

406 

Shocked, 4 hr. after sugar 

10 

• 414 


glycogen values seemed to be slightly lower in the clamped group. This would 
seem to indicate that the clamping procedure itself has some effect on the 
breakdown of liver glycogen. However, as far as the btorage following glucose 
administration is concerned, the clamped animals responded like the control 
rats. 

Tlie effect of insulin administration. In order to test the possibihty that an 
insulin deficiency might be involved, 2 units of insulin were injected sub- 
cutaneously into shocked rats. Some difficulty was encoimtered because of the 
early death of many of the rats. The effect of insulin administration on liver 
glycogen is shown in Table 3. The data in Table 3 indicate that insulin injection 
does not increase the ability of the shocked rats to store glycogen in the liver. 


Table 3, The effect of ingnlin administration in shocked rats 

Shocked rata, each given 2 units Clamped controls given no insulin, 
of inRiilip subcutaneously sacrificed at corresponding times 

. 

Bat Tvt. 

Liver glycogen 

Bat -STt. 

Liver glycogen 

S- 

g- % 

g- 

g- % 

194 

0-244 

166 

0-82 

212 

0061 

200 \ 

0-20 

197 

0-036 

180 

1-23 

189 

0-061 

220 

0-28 

196 

0-071 

220 

0-43 

160 

0-008 

176 

1-42 

176 

0-063 

210 

0-80 

182 

0-041 

180 

1-38 

193 

0-000 

180 

1-24 

200 

0-037 

196 

0-08 

219 

0-014 



209 

0-011 



189 

0-046 



220 

0-088 



Average 0-060* - 

* Average liver glycogen for shocked rats given glucose :J)*093g. /o* 


Table 4 shows the average blood sugar levels for the different ^ 

corresponding times after the glucose was given by stomach tu^. ro® 
it would appear that in the shocked rats the injection of insu^ res m 
very definite reduction in the blood sugar level, even though it does no e 
hance the storage of liver glycogen. 
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Table 4. Average blood sugar levgls at corresponding times after sugar administration. 


(GOO mg. glncow/rat) 

Xo. of 

Average 
blood sugar 
rag. % 

• Group 

rats 

Clamped controls 

G 

24S 

Shock 

5 

400 

Shock-insulin 

13 

134 


The^ect of oxygen lack on glycogen storage. Because of the prevalent opinion 
concerning the importance of fluid loss and the resultnnt development of tissue 
anoxia, it seemed desirable to determine whether or not oxygen lack, in itself, 
would alter the ability of the animal to store glycogen in a manner com- 
parable to that observed in shock. Experiments were conducted at different 
atmospheric pressures in a special chamber. Each rat was given 2 c.c. 25 % 
glucose solution by stomach tube and the liver glycogen was determined at the 
end of 4 hr., as in the shock experiments. Immediately after the glucose was 
ghen, the animals were put in the chamber and the pressure was reduced. The 
low pressure was maintained throughout the 4 hr. period. The results are shown 


Table 6. Glycogen formation in low oxygen atmospheres 
Liver glycogens in g. % 4 hr. after glucose administration at approximate altitudes of 
16,000 ft. (409 mm. Hg), 26,600 ft. (276 mm. Hg), and 30,600 ft. 220 mm. Hg) 


Average 


Liver glycogen, g. % 

A 

409 mm. Hg 

276 mm. Hg 

220 mm. Hg 

0-96 

0-487 

0-487 

0-9S 

0-161 

0-107 

1-27 

1-180 

0-123 

005 

0-113 

0-091 

1-26 

1-220 

Died 

— 

— 

0-074 

— 

— 

0-027 

— 

— 

0-066 

— 

— 

0-109 

— 

— 

Died 

1-02 

0-632 

0-135 


Table 5. From this fable it will be seen that at 409 mm. Hg (16,000 ft.) tbe 
launals stored glycogen in normal amounts. At 275 mm. Hg (25,500 ft.) some 
^3 showed diminished storage bnt some did not. At 220 mm. Hg (30,600 ft.) 

0 of the animals died and with one exception the others showed reduced 
® ty to store glycogen, When the oxygen want is severe the diminished 
orage of liver glycogen approaches that observed in shock, but of course the 
W)aditions are not necessarily comparable, as will be considered later. 


^ Beversibility of shock 

redamping on survival. In the experiments already outlined, 
clT^ produced when the circulation was restored to limbs that bad been 

®ped for 12-16 hr. After removal of the clamps the limb volume increased 

$ 
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rather quickly , reaching a maximum within 2 hr. from the time that the okmps 
were taken off. At 1 hr. after removal the major part of the swelling hadj 
occurred. These facts are evident in Fig. 6, which shows the increase in volume 
of the hind limbs with time. 

It has been found that if the limbs are reclamped at a time when the swelling 
is complete, or nearly so, most of the animals wiil'survive. The clamps used at 
this time are very narrow and are placed as high on the legs as possible. They 


Limb gwelling: curves for individual rata 



3 

o 


26 

24 

22 


Kg. 6. ■ ^ 

are tightened sufficiently to stop the circulation to the limbs. Limb volume 
measurements taken many hours after the reapplication of the clamps indicate 
that there is no significant reduction in lim b volume after reolamping. The 
fluid trapped in the injured limbs is lost to the body as a whole. 

In the shocked rats before death the req)irations become laboured an 
finally gasping in type. Breathing stops several minutes before the heart. 
Reclamping after the respirations beconle laboured seems to be less effectiTC. 
Animala reclamped at that time usually die within the first hour after t e 
clamps are reapplied. Some of the reolamped animals used in glycogen an 


Limb swelling: average valnes, lO'rats (from onrves above) 
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sugar studies 'were killed 4 hr. after reclnraping. They 'were in good condition 
at that time. All the others were Idlled, in good condition, more than < hr. 
follo'tnng reclamping. Tiurty-live were kept for more than 20 hr. before they 
'U'ere killed. 'Twenty-fo'ur shocked rats, rcclampcd at 2 hr., were kept for 48 h^.^ 
before they were killed. None had rccei'ued food since 24 hr. prior to release 
of the clamps. Some of the data concerning the rcclampcd animals are given 
in Table 6. It is evident from the table that reclamping the inimed limbs 
encourages survival despite the fact that the local fluid loss appears to be 
practically complete at the time that the clamps are reapplied, and the loss 
is maintained by the reclamping. 


Xo. of tats 
tiiocked 

61 

'8 


XiBLE 0. Rcclamping and samral 

No. dving 
in 30 min. 
after rccis'raping. 
No. Almost dead 

Tcclamped bcfoio 

4S 5 

CO 7 


Time after 

removal when No. dying 
clamps reapplied before 
br. reclampcd 

1 13 

2 18 


Survivals 

- 41 

40 


The ^ect of reclamping on the storage of liver glycogen. It was important to 
determine whether there was a restoration of the ability to store' liver glycogen 
i^hen the clamps were reapplied. Experiments were performed on rats in 
Trhich the clamps were reapplied 1 hr. and 2 hr. after removal. Each rat 
received 2 c.c. 25 % glucose solution by stomach tube immediately after the 
clamps were reappbed. Glycogen^detenninations were made 4 hr. after the 
glucose was given. The results ate sho'wn in Table 7. 


Taele 7. The effect of redamping on glycogen storage in the livers of shocked rats. 
(Sugar vras given at the time of reclamping. Glycogen was estimated 4 hr. later) 


liver glycogen g. % Blood engax mg. % 

— A _ _ - — - — A 


r"— 

Reclamped 

■" \ 
Beclamped 

Reclamped 

'V 

Reclamped 

after 1 nr. 

after 2 hr. 

after 1 hr. 

after 2 hr. 

1-87 

0-43 

430 

382 

1-09 

0-37 

256 

336 

1-48 

046 

240 

388 

0-95 

0-69 

343 

421 

0-18 

063 

239 

255 

0-38 

0-37 

204 

180 

0-29 

0-19 

228 

253 

1-18 

0-94 




0-59 

0-34 





0-12 

0-30 




045 

— 

— 

— 

0-78 

0-46 

277 

316 


Average liver glycogen for shocked rata given sugar: 0-093 g. %, 


The ability of the rat to store liver glycogen returns towards normal when 
c mjured legs are leclamped. It would seem that this restoration may he 
' mote rapid when the clamps are reapplied earlier in shock. Since the animals 
®®vive, it is likely that other abnormalities in the shocked rats also return 
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to normal. It is well to point out, however, _tliat the return in the ability to 
store glycogen in the liver takes place very quickly. 

A comparison of liver glycogen and blood sugar values for all groups. A com- 
parison of the average values for liver glycogen and blood sugar in the different 
groups is given in Fig. 6. 


Average liver glycogen and blood sugar values 



Fig. 6. 


Discussion 

A method of producing shock in rats has been described. Rats shocked by thm 
procedure exhibit an increase in limb volume. Most of the increase appeare 
the part distal to the clamped region. The degree of swelling and the rapi 
with which it occurs probably indicate the extent of the restoration o crrc ^ 
tion to the limbs. If the swelling is rapid and extensive the animal is moi 
apt to die quickly. If the sweUing is slight the animal is likely to siurviv 
a longer time. It is reasonable to suppose that the major factor m s oc m 
be associated with the limb swelling in some way. At first thought t mg 
suggest that the local fluid loss itself is the important factor in casing ® 

Since the reapplication of clamps to the damaged limbs after they 

" does not seem to diminish appreciably the local fluid loss, an 
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leclamped rats sturive, it seems unlikely that local fluid loss itself is the 
fendamental factor in this type of shock. The possibility that fluid spreading 
above the clamped area or that loss of fluid from the surface of the legs may 
become important factors after the local svrelling is complete, must be con- 
sidered. ' Since the clamps are reapplied relatively close to death, the import- 
ance of these factors becomes questionable. The fact that the limb svrelling 
is maintained after reclamping argues against any significant influence of 
finid loss from the surface of the legs. 

The information in the literature concerning glycogen changes in shock is 
not very extensive. Reduced values for liver glycogen have been reported 
foUoving haemorrhage [Agcazzotti. 1927]. In our experiments, the fasting 
shocked rats (clamps removed) showed a reduction in liver glycogen below that 
of control animals with or without the clamps. Despite this, the blood sugar 
in the shocked animals was lower than in the control groups, indicating either 
(1) that there was an increased peripheral utilization of glucose, or (2) that 
there was a diminished production of glvcogen from iron-sugar sources in the 
shocked rats. Engel, VTinton & Long [1943] mention some unpublished work 
of RnsseU 4: Engel on eviscerated rats which indicates that there may be an 
increased rate of glucose utilization bv peripheral tissues in the shock following 
haemorrhage. 

Ifhen the shocked rats are given sugar by stomach tube it is found that they 
exhibit a diminished abiiitv to store glvcogen in the liver. The clamped control 
animals store glycogen essentially as well as the undamped controls. Hence, 
flie clampmg, in itself, is not responsible for the changed function. The 
. absorption experiments show that the diminished ability to store liver glycogen 
15 not due to poor absorption of glucose from the gastro-intestinal tract. Also 
the poor storage occurs despite the fact that the blood sugar level is very high. 

administration lowers the blood sugar level in the shocked animals but 
do^ not seem to help the animal to form glycogen from ingested sugar. The 
^dence seems to indicate that the poor storage of liver glycogen in shock 
15 probably not due to a deficiency of insulin. However, since injected 
■’dll lorrer the blood sugar in the shocked rat and since the blood sugar in 
shocked animals receiving glucose is maintained at a high level for long periods. 
It follows that either insulin secretion is not regulated by the blood sugar level 
^ that such a mechanism is not functioning adequately in shock. 

The experiments concerning the effect of reduced atmospheric pressure show 
t when oxygen lack is extensive there is a diminished storage of liver 
BTcogen after glucose administration. The diminished storage approaches that 
0 served in shock. Evans [1934] reported that low atmospheric pressures lead 
o an increase in liver glycogen. However, the conditions for the experiments 
different in that the exposure was for a much shorter time 
the atmospheric pressure was lower. It is realized that a condition of 
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generalized anoxia of tliis type probably is not comparable to the condition in 
the shocked animals since in shock the cardio-vascnlaf compensations tend to 
maintain an. adequate supply of oxygen to the brain, and the anoxia ithere it 
exists is due to a reduced blood flow through the tissues rather than to poor 
oxygenation of the blood. 

It is desirable to know whether the changes in the shocked animals are due 
to a local oxygen deficiency or whether they are, brought about fcy a secondary 
more generalized anoxia. When the clamps are reapplied to the legs and the 
damaged (and anoxic) tissue is cut off from the rest of the body, most animals 
survive and the ability to form liver glycogen is restored. The local loss of 
fluid is maintained by the reclamping, hence ifra generalized anoxia following 
the local change is the important factor it is difficult to see. why this, factor 
ceases to operate in the redamped animals. If there is a .generalized anoxia 
that is not the result of a reduction in blood volume foUowdng the local fluid 
loss but the result of an altered circulation due to other causes, then reclamping 
might bring about its effect by restoring the circulation. 

It is evident from these experiments that some changk occurs in the dainaged 
{and anoxic) tissue which affects the activity of tissues in other parts of the body 
remote from the site of injury. This influence can be removed by reclamping or 
blocking off the injuied part from the rest of the body. The nature of the 
process by which the effect on more remote tissues is brought about has not 
been elucidated as yet. 

One important point emerging from the reclamping experiments is that the 
profound changes in the shocked animals are reversible until late in shook, 
even at a time when transfusion is of tittle use. It is probable that the un- 
portant irreversible changes, if such there be, occur just prior to death. The 
hope is raised that, by reversing some of the earlier changes, shock may be 
alleviated or prevented. Obviously, reclamping is not a practical means of 
.achieving this and some more feasible procedure must be found. 

SUMMABY 

1. A method of producing shock in rats by the application of clamps to 
the limbs is outlined. 

2. The average survival time of 84 rats shocked by this procedure is 

3 hr. 12 min. ' 

3. The liver glycogen values are somewhat lower in the shocked rats than 
in clamped control animals or in undamped controls. 

4. Following the administration of sugar by stomach tube, the shocked rats 
are unable to store glycogen in a normal fashion. This occurs de^ite the f^t 
that the blood sugar level is very high in the shocked rats and the absorption 
of sugar from’ the gastro-intestinal.' tract is almost as complete as in e 
clamped control animals. 
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5. TriRTilm administration docs not improve the glycogen storage in the liver, 
bat lowers the blood sugar level in the shocked rats. 

6. TTith severe oxygen ■want there is a diminution in the storage of liver 
glycogen after glucose administration approaching that observed in shock. 

T. 'When the shocked animals are rcclampcd before they arc on the point of 
death and after the local fluid loss is practically complete, most of them survive. 
Tim happens despite the fact that the fluid trapped in the limbs is lost to the 
body. 

8. 'When the shocked animals are rcclampcd, they rapidly recover the 
ability to store glycogen in the liver -when glucose is administered. 

9. It is concluded that local fluid loss is not the fundamental factor in 
dock in these animals. 

10. Some change occurs in the damaged (anoxic) tissues which affects the 
activity of tissues in other parts of the body. How this effect is mediated 
has not been determined. 

11. Extensive changes in the shocked animals are reversible imtU late in 
shock. 

We Tish to express our sincere thanks to Prof. C. H. Best, FJI.S., for his interest and help in 
tKs ■BTitt. VTe ate indebted also to the National Research Council of Canada for asaistance in 
“wring h out. 
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ABSORPTION OF SERUM PROTEINS FROM THE 
INTESTINE OF THE SENSITIZED GUINEA-PIG 

By L. B. WUSTTER, From the Department of Physiology, 
University of Sheffield 

{Deceived 8 October 1943) 

r 

By use of the anaphylaxis reaction, it has been shown [Winter, 1944] that 
horse serrun, albumin, and globulin, injected into the duodenum of appro- 
priately sensitized guinea-pigs, are absorbed, and bring about desensitization 
of the uterus. This effect was observed only when the proteins were introduced 
at or above a certain minimal concentration. The amount of serum required to 
desensitize, especially in the serum-sensitized animal, was so large as to suggest 
that distension of the gut was a factor which might play a part in absorption. 
This suggestion had previously been made by Hettwer & Exiz [1926], who 
showed that absorption of serum from the small intestine of the serum- 
sensitized guinea-pig was sufficiently rapid to cause anaphylactic shock, if the 1 
intestine was markedly distended by the injected fluid. In our experiments no ^ 
symptoms of shock were ohseirved, but it was possible that the temporary dis-^ 
tension of the duodenum, which would persist until the serum was distributed 
along the gut, might last long enough to induce absorption of sufficient protem 
to cause desensitization of the uterus, while the speed of absorption was too 
slow to cause shock. -Beyond the fact that 3^—4 hr. was^ sufficient, no informa- ^ 
tion as to the time needed to desensitize the animals was obtained in the 
previous work, which waS^ concerned with the miniTmiTn amounts of serum, 
albumin, and globulin necessary to cause desensitization when introduced mto 
the intestine. The object of the experiments about to be described was to de- 
termine whether the three different proteins might desensitize the aiiimals m ^ 
a shorter time; if absorption of serum is appreciably ^dependent upon distension 
of the intestine, which, imder the conditions of these experiments, can only 
last a matter of minutes, then serum should be more effective than the other 
ptoteins at the minimum time allowed. ^ ' 

Results 

Desensitization by proteins injected into the duodenum 
Mflk-test guinea-pigs were used; their average weight was 373 g. The propriety ^ 

ofusuigtheseanimal8haspreviouslyl3eendiscussed[Wmter, 1944]. erne 0 


ABSOBPTIOS OF SERUM PROTEINS FROM INTESTINE 485 

of sensitization and tlic preparation of the proteins used were similar to those 
described in the previous paper, with the exception that the serum animals 
rreie sensitized only for 15-20 days. In all the experiments in which scrum 
proteins have been introduced into the duodenum, the site of injection was, as 
before, about 4 cm. from the junction with the pylorus, and the amount of 
protein was the minimum which had previously been found ncce.ssar}' to effect 
desensitization 31-4 hr. after the injection. In the present series of experi- 
ments the proteins wore injected 3-4 hr. after the first uterine horn had been 
removed for test of sensitivity, which was determined in alt cases by the addi- 
tion of 0-1 c.c. of whole serum to the bath. Groups of ten animals were used. 
In the first series, the guinea-pigs were killed 15 min. after injection. The 
Kinlts are given in the table, and are those which had been expected, namely, 
that the largest number of animals are desensitized by serum, probably due to 
distension of the gut; a smaller number arc desensitized by globulin than by 
slbumin, which has the smaller molecule. In the expectation that, with a 
longer interval, more animals would be desensitized by globulin and by 
albumin than in the first series, while the serum results would be substantially 
the same, a second series of experiments was undertaken; this was identical 
’rith the first, except that the animals were killed I hr. after the injection of 
the protein into the gut. 


Tabix 1. Injection of temn protems into the duodenum 


Senatization 

Globulin 

.Albumin 

Seram 



Amoont 

Kumber of amraals desensitized 

Protein 

injected per 



' , 

injected 

100 g. bodj- wt. 

After 15 mm. 

After 30 min. 

Glohnlin 

6-0 mg. 

5 

8 

Albtaam 

6-0 mg. 

7 

7 

Senun 

0-95 c.c. 

9 

5 


Prom a consideration of the above two series, we may conclude that the rate 
of absorption of globulin from tbe intestine is such that, after 15 min., only 50 % 
of the animals are desensitized, and 80% after 30 min. In, the absorption of 
^umin, there is no difference between the two series, 70% of the animals 
desensitized in each case. The serum experiments however showed, 
sarposingly, that a smaller number of animals were desensitized in half an hour, 
compared with those in which only 15 min. were available for absorption to 
difference was considered to be outside tbe experimental error 
0 the method, but it seemed advisable to test this peculiar effect of tbe 
0 section of serum by carrying out two series of experiments m wbicb serum 
mjected into tbe duodenum of a nim als sensitized by globulin. Ten animals 
thed^^ series, and they were killed 15 and 30 min. after injection; 

ti4 8-’ tbe minimum necessary for desensitiza- 

^ animaL Zsrine guinea-pigs were desensitized after 15 min., 

er 30 min. The results were thus identical in the 15 Tnin series, and 
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confirraatory, tliougli not in quite such, a striking manner, in the 30 mia. 
period, of those obtained in the absorption of serum from the gut of the serum- 
sensitized animal. 

Desensitization of serum-sensitized animals by 
serum injected into the circulation 

The experiments in which serum was injected into the duodenum of serum- 
sensitized and of globulin-sensitized guinea-pigs suggested that a number of 
these animals had regained sensitivity after the uterus had been fully de- 
sensitized, i.e., that dissociation of the serum-antibody combination had 
occurred in some cases. It seemed possible that this might be correlated with 
the inexplicable failure, in the previous work, to obtain regular desensitization, 
1^ hr. after injection, of the serum-sensitized and globuhn-sensitized animals 
by serum injected into the portal blood, irrespective of the amount of serum 
given [Winter, 1944, Tables 10 and 11]. No such inconsistency was observed 
when animals sensitized by serum were desensitized by globulin injected mto 
the portal blood, nor when globulin-sensitized animals were given synthetic 
serum’ by the same route [Winter, 1944, Tables 8 and 14]. It was argued that, 
if the results in Table 1 obtained from the serum-sensitized and globulm- 
sensitized animals and those previously reported were vahd, they would imp y 
that serum given into the portal blood would be capable of regular desensitiza 
tion of serum-sensitized and globulin-sensitized animals when the animals were 
killed 16 min. later. The failure of serum to act uniformly as a desensiti^g 
antigen after a longer period might then be due, not to fixation of the antigen 
by sensitized cells in the liver, but to temporary dissociation of the serum 
antibody complex. This point was tested by injecting a series of ser^ 
sensitized guinea-pigs with a very small dose of serum (O-Ol c.c.), given mto 
mesenteric vein, to effect some preliminary desensitization and to avoi e^^ 
in shock. The first uterine horn was removed and tested; 3—4 hr. , 

sensitive animals received a further injection of serum into the porta o ^ 
the moderate dose of 0'02 c.c./lOO g. being chosen. Ten sensitive anima ^ 
used; they were killed 16 min , after the second injection; all were desensi 
These results agree with those in which the serum-sensitized animals were 
sensitized by serum absorbed from the duodenum in 16 min., with e 
tion of one in each series of ten. Entirely uniform results caimot e 
in experiments involving absorption from the intestine, owing to t e n 
factors which cannot be controlled, and it seems permissible rption 

serum, whether introduced into the circulation directly, or a a so^ 
from the intestine, desensitizes the serum-sensitized animal r^i J, a 
there follows, in some cases, a period of renewed sensitivity, 
sensitization is re-established 3M hr. later, otherwise it 
possible to obtain the consistent results which were foun , a 
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wien the minim um level of serum necessary to desensitize the serum-sensitized 
animal from the intestine was being determined [AVinter, 1944, Tabic 20]. This 
was, hoivever, confirmed by seven experiments on animals sensitized by serum, 
in which, after a preliminary injection of O'Ol c.c. serum into the portal blood, 
0’02 c.c./lOO g. were given by the same route. The animals were killed 31 hr. 
later, and all were found to be insensitive. 

Descnsitizalion of globulin-sensitized animals bg 
serum injected info the arculalion 

It was now necessary to determine whether the failure to effect, in all cases, 
desensitization of the globulin-sensitized guinea-pig by serum injected into the 
portal blood, though the dose of serum varied between 0-0075 and 0-10 c.c./ 
100 g, body weight, might be explained on the same lines as in the case of the 
serum-sensitized animal. A number of animals Sensitized by globulin received 
sprehminary injection of 0-01 c.c. scrum into the portal blood, after removal of 
the first uterine horn. A further injection of scrum (0-02 c.c./lOO g.) into the 
portal blood was given 3-4 hr. later to ten sensitive animals, which were killed 
^er an interval of 15 min .; the second uterine horns of three were sensitive. 
It appears, therefore, that globulin-sensitized animals cannot always be de- 
sensitized by serum injected into the portal circulation, whether the interval 
between injection and killing the animals is hr., as in the present experiments, 
OT H hr., as in the previous work. This finding suggested that dissociation of 
the complex formed by interaction of serum and globulin-antibody might not 
be an adequate explanation in the globulin-sensitized animals, unless similar 
lesults could be obtained after injection of serum into the systemic circulation. 
Serum given by this route should be, on occasion, ineffective, if dissociation of 
the antigen-antibody complex took place. It should, however, always be 
eSective if the failure to desensitize, when given into the portal blood, was due 
to fixation of globulin by sensitized cells in the liver. To test this point, guinea- 
lags received an injection of 0-01 c.c. serum into the inferior vena cava, as being 
e most convenient site when the abdomen was open after removal of the 
uterine horn. After the usual interval, twenty sensitive animals were 
agam anaesthetized with ether and these received, via the jugular vein, the 
^1 dose of serum (0-02 c.c./lOO g.). Ten of the animals were killed after 
■ ^ 2 s insensitive in every case. Serum 

d umformly capable, at this level, of effecting desensitization of the 

^ rnm-sensitized animal, and we must ascribe the failure to desensitize, when 
^n mto the portal blood, to some fixation of serum by cells in the liver. This 
som ^ f hy the liver seems to take place in a capricious manner in 
e experiments only, and no explanation can at present be put forward. 
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The occurrence of shock in globulin-sensitized animals 
A distinct difference has been noted in the susceptibility to shock of the 
globulin-sensitized guinea-pigs, compared with those sensitized by serum for 
the same period. In the series of serum-sensitized guinea-pigs given an injec- 
tion of O'Ol c.c. serum into the portal blood, followed by 0-02 c.c./lOO g., there 
were no symptoms of shock in any animal. In the corresponding series of 
globulin-sensitized animals, three showed moderately severe shock after the 
first, and one after the second injection of serum; aU, however, recovered. Of 
the twenty globulin-sehsitized animals which received the prehminary mjection 
of serum into the inferior vena cava, and the main dose into the jugular vem, 
five reacted with shock after the first injection and one after the second. There 
appears to be a greater tendency to shock following injection of serum in the 
globulin-sensitized animal, as compared with the animal which has been 
sensitized by serum. The same^thing was observed, when, for another pu^ose, 
it was necessary to give serum into the portal circulation of semm-sensitized 
and globulin-sensitized guinea-pigs in a dose of 0-02 c.c./lOO g., without the 
usual small preparatory injection of 0-01 c.c. These were virgin animals, which 
had not been injected with milk . The numbers were small, four serum- and five 
globulin-sensitized animals, but none, of the former showed any symptoms, 
while two of the latter died in shock 4 min, after injection. The stage o 
sensitization was the same in each group, viz. 3 weeks. It is not intende 
suggest that this dose of serum can regularly be given to serum-sensifee 
animals without causing shook; in fact. Table 11 of the previous paper ows 
that two serum-sensitized guinea-pigs died in shock after an injection of serum 
leas than 0-02 c.c./lOO g., but the findings in the short series in which this dose 
was given to the two groups of animals agree with those described above. 


Discussion 

It has already been showm [Winter, 1944] that a large volume of serum (1 
2-8 c.c.) must be introduced into the intestine of sensitized animals in or ^ 
render the uterus insensitive, whereas relatively small amounts are 
desensitize when serum is injected directly into the blood. This fact, tog 
with the rapid desensitization which follows the introduction of serum m 
intestine, makes it probable that an initial small amount of serum P ^ 
passes through the intestinal waU, on account of distension of the ^ 
this part which desensitizes the animal, the remainder not being a j. jf; js 
only after some action by the digestive enzymes. If this view is 
scarcely possible that serum can be absorbed except under t e jjjjjj 

ditions which cause intestinal distension. It is otherwise in the case o a ^ 
and globulin, where these proteins were injected into the no . g 
volume of fluid which did not exceed 1-0 c.c.; appreciable amoun 
from intestinal lumen to blood in 15-30 min. 
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It is still undecided whether the rate of absorption of albumin from the small 
irrestine is greater than that of globulin, but it is perhaps worthy of note that 
onlv in the case of globulin, which may be carried by the lymphatic system 
after absorption [Winter, 1944], was there found the expected difference be- 
ttreen the animals killed 15 and 30 min, after injection of the protein into the 
duodenum. Too much reliance, however, must not be placed on small dif- 
ferences, when the proteins are being absorbed from the intestine, since it is 
impossible to control certain factors, such as the activity of the digestive 
enzymes and the passage of stomach contents into the duodenum. All the 
animals were fed as usual in the previous afternoon, since it was important that 
they should be in the best possible condition to withstand the operative pro- 
cedure. There is a discrepanev. however, in the results, which caimot be 
accounted for on these lines. Three out of the ten globulin-sensitized animals 
"ere stiH sensitive after the introduction of serum directly into the portal 
srculation, while onlv one was sensitive when the serum was absorbed from 
the "mtestine, the animals be'mg killed 15 min. later : the latter series should 
have yielded as many, or more, sensirive animals than the series in which the 
protein was injected into the portal blood. If serum, after learag the intestine, 
carried by the lymphatic svstem. instead of bv the portal blood directly 
to the liver, the discrepancy would disappear. ICo failure to desensitize the 
iiteras occurred when the serum was injected into the systemic circulation : on 
the other hand, it has been shown that certain cells in the liver of the globnlin- 
y^stized animal bring about fixation of serum in some cases. This explanation 
iJ- however, put forward with all reserve, until more direct evidence is available. 

'fhe results in the series of serum-sensitized animals, given serum into the 
duodenum and killed 15 and 30 min. later, are difficult to understand, unless 
rome animals, which were desensitized in the shorter period, had regained 
^usitivity. This conclusion is necessary, since serum wiU regularly desensitize 
Jaum-sensitized animals when the antigen is injected into the portal circula- 
“Oiu and allowed to act for 15 min., while it was, on occasion, ineffective after 
^ interval of 14 hr. Serum again became effective when it had been in the 
^J^es for 34— i hr. It seems possible that dissociation of the combination 
-t>.een serum and serum-antibody may take place at some time shortly 
oimwing the injection of the protein into a serum-sensitive guinea-pig. 
^cations of this have been noted only in some animals, and since the com- 
^tion of antigen and antibody is usually regarded as stable, at any rate for 
a much longer period, this suggestion can only be made tentatively, to explain 
- findings in the present work. 
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SUMMABY 

1. Horse alb main, globulin, and serum, in the minimal amounts required 
to desensitme the uterus, have been injected into the duodenum of guinea-pigs 
sensitised by the corresponding protein. The animals were MUed 16 and 30 miu 
later, when the uteri were examined for sensitivity. 

2. The results obtained with serum suggest that distension of the intestinal 
wall may be a significant factor in the mechanism of absorption of this protein. 

3. With the longer time for absorption, globulin alone gave rise to a greater 
number of desensitized animals. 

4. Anomalous results were obtained when serum was absorbed from the 
duodenum of serum-sensitized and of globulin-sensitized animals. These results 
are discussed. 

6. Animals sensitized by globulin show a greater tendency than serum- 
sensitized guinea-pigs, at the same stage of sensitization, to develop ana- 
phylactic shock as a result of the injection of equal amounts of serum. 

I am indebted to Prof. Wilson Smith for the animals used. My thanks are due to Drs IL G. 
Happey and M. C. Simpson, who have been in charge of the milk tests, for their co-operation, 
which has much facilitated the work. Part of the expense was met by a grant from the Gorem- 
ment Grant Oommittee of the Eoyal Sooiety, for which I express my thanks. 
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plasma flow (r.p.f.) is identical srith the plasma 
Edd m j diethanolamine salt of 3-5-diiodo-4-pvTidonc-N-acetic 

tiatioi,Q\ assumption that at low plasma concern 

S.« i'-®- ■”8- I/K” ■^■1 Phsm. is eompMj cl.sL of the sub- 

make corpuscles 

aversimnlifioS^'' T; evidence, however, that this assumption is an 

tvo fecton, processes occurring in the kidnev \nd that, in fact, 

“ oposmg directions to prevent being identical with 
Hemhecberrmm "“J^^''^ been mvestigated by \niite [1940], White & 
!LT , “ esreriments on the 

Bat the overall^^ i dog h^ey. They have shown, on the one hand, 
ejtent to wWW. bicomplete and, according to 

tl'e plasma as thSsI^ corpuscles contribute diodone to 

P^ter than e p f ^ it and this tends to make 

-less than EPP t thei 

of plasma ct. «^c^ents. e.p.f. was calculated from measure-' 
compared with C arteno-venous differences for inulin, 

plasma flow hne n n- tri the work about to be described renal 

btaey. *>•' beb.™„ of the isolated and the intact canine 
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Methods 

A pump-limg-kidiiey preparation was made in the customary fashion. Blood 
flow was measured by collecting the venous outflow, and r.p.f. was calculated 
from this after determination of the haematocrit value. 

Estimations of organic iodine in plasma and urine were made by the im- 
proved method of White & Eolf [1940]. By this method organic iodine in 
aqueous solution was estimated with an accuracy of ± 2 % within a concen- 
tration range of 1-2 mg. I/lOO ml. In accordance with the findings of White 
& Eolf, the recovery .of added iodine to plasma was only 80-86 % , but since 
the percentage recovery, in our experience, varied slightly with different 
samples of plasma a ‘recovery factor’ was determined for the plasma used m 
each experiment and applied as a correction to the estimations made for 


that experiment. 

Samples of arterial blood for determination of plasma I were withdrawn 
slowly from the tube leading to the perfusion cannula at the middle of each 
period of urine collection and were centrifuged immediately to minimize the 
effect of diffusion of diodone from cells to plasma. Urine samples were diluted 
to approximately s imil ar concentrations as plasma before estimation. 

Plasma iodine concentrations were maintained in each experiment at a 
level of approximately 1-2 mg. organic I/lOO ml. plasma, after ^ving a 
priming dose equivalent to 1 mg./lOO ml. plasma, by a steady infusion o a 
solution of diodojie 400 mg./lOO ml. 0-9% saline at a rate adjusted according 
to the rate of blood flow and previous experience of the likely degree o 
plasma extraction. 


Eesuxts 

After the addition of diodone to the circulating blood and the starting 
infusion it is usually 10-16 min , before the concentration in the urine, w 
the urine flow is constant or increasing slowly, reaches an approxima y 
steady level. This contrasts with the elimination of subs^ces such as m^ 
or ferrocyanide which reach maximum concentration in the urine wi 
2-3 min., particularly with high rates of urine flow. 

Comparison o/b.p.f. and Cjj. Twenty observations in the course 
ments where the kidney has been perfused at mean pressures of 110- 
Hg have shown Cjj to be less than b.f.f. The mean ratio of plasma Oj, 
B.F.F. with plasma levels of l-2'6 mg. I/lOO ml. is 0‘68 (range 0 

Plasma extraction ratio of diodone. The mean plasma extraction ra o. 


art. plas ma cone. — venous plasma cone. 
art. plasma cone. 

1, is 0-62, with extremes of 0-23 and 0-87, in twenty i 

rarding one experiment in which all the extraction ratios 
r (0'43-0-23), the mean plasma extraction ratio was 0 to ^^aIlg 
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BoA ^Vbte & Corcoran and his co-rvorkers refer similarly to unusiinll}' low 
values for £p which they occasionally obtained from the cxplnntcd kidney. 

Ep inrariahly falls during the course of an experiment even though the 
plasma concentration and the rate of blood flow remain unaltered. Thus in 
tluee consMutivc 10 min. periods in one experiment in which the plasma I 
concentration was 1-65 mg./lOO ml. and the blood flow was 95-100 ml./min., 
p^as 0 87, 0 m 6, 0'C( . Within the range of plasma concentrations employed 
mt e present experiments the gradual fall in Ej, does not appear to be related 
0 any gradual changes in blood flow which occur during the course of an 
e^nment (the perfusion pressure being constant), or to small alterations in 
e artenal plasma I concentration or the renal plasma load (n.r.r. x plasma 

oh gradually rising and falling plasma loads have been 

served m particular experiments, but there is always a diminishing E„, as 

the experiment proceeds. ^ 

renal plasma load is suddenly altered greatly, as by changing 
The J f ^ apparently related changes in arc observed. 

Wood T ^^.^‘^^^ring the perfusion pressure and reducing the renal 
aregivenln Tahl^T”'^ observed in an experiment, the results of which 


Period 

1 

2 
3 


Pexfdrion pressure 
nun. He 

120 
90 
120 


lur.r, 
nd./min, 
07-5 
CS-O 
85-3 


Renal plasma load 

mg. I/miD. Ep 

0-90 070 

O’VO \ OSO 
0-85 071 


y. . " O-SS 0 

the period of reduced blood flow and renal load E, is elevated. 

EPF ac calculated value is compared with the 

‘apparent^ 

Euity, if AterereS'l-r^u' “ean=0-94 p..p.f. The deviation 

plasma to cells durine fh l^bat diodone is passing from 

P^^bleheSi S^^' this m jnst 

of iodonc Perfusion of the kidney and a slight 

point at wHch the arte^I WmT continued after the 

to he the discrepancy is more 

in the pump-luno-H^^^^^^ of the 

'^mslieiv Lm^tTnlT^ 'L ™ regarded as iu vi(ro it 

W diodon^£^^Tcl^”“!^’ ^ [1938], that 

^^the ‘appaxeirt' Ep'rrj! P^^ma wUl occur slowly, and 

assumed that in th<='pmnT>-lTml- 1 greater than the measured e.p.f. it is 
f^onithe celk to 
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Discussion 


Tlie results show that the extraction of diodone from the plasma by the 
isolated kidney is incomplete, on the average, only 62% being extracted 
during one renal passage. Also it seems Hkely, on the whole, that the red 
blood corpuscles are not concerned in this extraction. The diodone clearance 
is therefore less than the true plasma flow. Since the assumption is often 
made that diodone clearance and renal plasma flow are identical in man and 
in the intact dog it seems important to look for explanations of the incomplete 
extraction. As Smith [1941] has pointed out, the calculated clearance (and 
a s imil ar argiunent can be apphed to the extraction ratio) is the over-all 
clearance, i.e. it is the clearance of plasma which has gone through active as 
well as possibly inactive parts of the kidney. If there are some nephrons still 
supplied with blood but from any cause inactive as secreting umts, then no 
diodone will he extracted from the plasma. But if it be supposed that this 
plasma ultimately mixes with plasma from other umts where the extraction 
has been complete then, obviously, the calculated clearance is less than the 
total plasma flow according to the proportions of blood flowing through the 
inactive and the active regions respectively. 

On the other hand, aU the nephrons in a kidney may be equally active bnt 
incapable of effecting a complete extraction of diodone from plasma even at 
low plasma iodine concentrations. From considerations of the observation 
which have beei^ made it is possible that this is the condition of the perfuse 
kidney. The progressive decline in the extraction ratio at constant perfusion 
pressure whatever the direction of spontaneous change in blood flow or altera 
tion in renal plasma load, coupled with the elevation of extraction ratio wh® 
the perfusion pressure and blood flow are suddenly reduced, points to t 
conclusion, as does also the slow rate at which Cj) rises to its maximal va ue 
after the flrst addition of diodone to the blood. Evidence is not wanting t n 
the behaviour of the perfused kidney deviates in several respects from tha 
of the normal organ; for example, the polyuna and low chloride content o 
the urine [Starling & Vemey, 1922] and the difference in clearances between 
inulin and creatinine at high urine/plasma concentration ratios [Shannon 
Winton, 1940]. To these, the inability to extract diodone to the same exten 
as the normal kidney may now be added. There is no evidence to show 
this alteration in activity is due to the gradual disappearance of homonM 
from the circulating blood or to other changes in the defibrinated ™ 

for perfusion, but it is perhaps noteworthy that complete h^op ysectomy 
reduces the abihty of the dog kidney to transfer diodone [White, Hembecker 


& Rolf, 1941]. , . , 

Obviously it is unwise in the light of these findings to “I V 

when dealing with suspected abnormal functioning of the e , j, 
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equivalent to r.p.f. may be only a rclativcl}' small fraction of n.v.F. It is 
better to relate Cjr, to the functionally intact renal tissue [Smith, 1941] which 
may be assessed by measuring the maximal tubular excretion of diodonc 
[r„D] at high plasma concentrations. It has not been possible to undertake 
such measurements in the series of experiments reported here. 

Summary 

1. The mean plasma extraction ratio of diodonc by the perfused isolated 
dog kidney is 0-62 at plasma I levels of 1-2-5 mg./lOO ml. This is lower than 
similar ratios observed in the cxplantcd kidney. 

2. The extraction ratio is elevated when the perfusion pressure is lowered 
and the renal plasma load diminished. 

3. It is suggested that the ability of the renal cells to transfer diodonc is 
progressively diminished during the course of an experiment. This may be 
due to gradual disappearance of hormonal influences. 

The brand of diodone need in these experiments was ‘Pj-closil', and mc arc grateful to Glaxo 
Ltd. for generous supplies. 
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The physiology of shivering. By E. J. S. McDowall 
{King's College, London) 

If cold saline is put into a plethysmograph containing the sldnncd limb of 
a chloralosed cat the muscles undergo irregular contractions reminiscent of 
ahivering. These contractions, -erhich ate recorded by the plethysmograph, 
are abolished by the injection of hot saline into the circulation. They are 
uidependent of the nervous system and are exhibited by pieces of muscle 
removed from the body altogether. It would seem that shivering is not so 
dependent on the central nervous system as is generally supposed but the 
reaction is abolished by deep anaesthesia. 
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The physiology of shivering. By R. J. S. McDowall 
(King's College, London) 

If cold saline is put into a plethysmograpli containing the skinned limb of 
8 cHoralosed cat the muscles undergo itTcgular contractions reminiscent of 
sluTeiing. These contractions, which are recorded by the plethysmograph, 
8re abolished by the injection of hot saline into the circulation. They are 
^dependent of the nervous system and are exhibited by pieces of muscle 
removed from the body altogether. It would seem that shivering is not so 
dependent on the central nervous system as is generaBy supposed but the 
reaction is abolished by deep anaesthesia. 
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A simple rocking dlalyser. By H. P. Gilding and K. A. Webb. 
{Department of Physiology^ the Medical School, Birmingham) 

The figure below is a drawing of the dialyser. The dialysing chamber consute 
of a glass tube of 660 ml. capacity, diameter 6-6 cm. It is closed by m ” 
bungs through which the inflow and outflow tubes are passed. The S 
is mounted on a wooden board and held in place with Terry s o ps o 



appropriate size. The whole is pivoted on a bearing placed app , ^ 

thf cento of its long ani.. The Wo. tube can be ootmected « 

water, or to a large reserroir of distilled water. Tie ^nmatel! 

shown in the diagram, the water flowmg mto a metal oyhnder of pp ^ 
300 ml. capacity. A metal tube of 6 mm. internal ^ enve 

bottom of the metal cylinder and bent to make a siphon. dialysinf 

lope contains the material to be dialysed, and also a ‘ , cvlinder i 

chamber can be moved in the Terry’s clips so that when ® ^ tli, 

empty, the apparatus tips to the inlet side. As the me a 
whole board rocks over to the outlet side, and the glass 
in the ceUophane envelope. For accurate adjustment of t 
required, two threaded metal rods are fastened to eit ^ 
and by altering the screws it is possible to adju^ th ^ 
maximum rate of tipping is about once per mmute, an 
passing through the dialyser at this rate is 300 ml./mm. 
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An ergograph. for teaching purposes. By K. A. Webb. 
(Dcpailmcnf of Physiology, (he Medical School, Birmingham) 

The figure, which is a scale drawing, shows a simple, easily made, form of 
ergograph. It is essentially a lever (.4) feed to a bearing (B) at one end, which 
presses down a spring (C), and a record of the movement of the lever is ob- 
tained by a thread attached near the fingergrip of the lever, passing over two 
ptdleys to operate a writing point (Z)). The spring is an Austin 7 valve spring, 



so arranged that the base runs in a guide on the baseboard, and its upper part 
is attached to a slide which moves along the lever. To stop backlash a rigid arm 
(B) is fastened to the baseboard and bends over the lever, which can be ad- 
justed by turning the thumbscrew, thus taking up the early soft period of the 
spring. The lever may either be operated by the forefinger placed over the 
rubber fingergrip (F), and for this purpose the baseboard is cut away to accom- 
modate the thumb, and second, third and fourth fingers: or else by placing the 
fingers beneath the baseboard, the thumb can operate the lever. The spring 
can be moved along the guides so that the weight required to depress the lever 
by finger or thumb to its fullest extent varies from 1-5 to 13 kg., and graduated 
marks on the lever indicate the weight required at a given position of the 
spring. The ftontal writing lever is fastened to a metal block pierced bv two 
holes which slides up and down the guides fixed to the lower block as sho wn in 
the diagram. ^ 
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Effects of 'CTAB^ (Cetyltrlmethylammonlum bromide) on cells 
in vitro. By F. Jacoby. {Department of Physiology, the Medicd School, 
Birmingham) 's 

The use of CTAB as a disinfectant and cleaning agent in surgery has recently 
been advocated by Barnes [1942] who showed that by its use (1% sol.) duty 
dishes, etc. were completely sterilized and skin almost freed from bacteria, ut 
short application to a granulating wound failed to sterilize it, though leucocyte 
in vitro are, according to a brief reference, rapidly broken up and destroye 

In the present experimente CTAB (in final cone, firom lO”* to 10~’) was applied 
pure populations of hen blood macrophages living in Carrel flasks in 30% serum, an ( ) 
blastio cell colonies (from chick embryo heart explants) growing in Carrel flasks m ^ 
ooagulnm and fed with embryo extract. After CTAB removal fresh feeding was ''f . 
of the fibroblasts this was foUowed, 24 hr. later, by transplantation. For results see la le . 


CTAB 

f.o. 

10 -’ 

10 -* 

10 -“ 

io-« 

10 -’ 


Tabus I 

Rffeots of adding CTAB on 


Culture medium 

Immediate heavy precipi- 
tate; clouding of oo- 
agulum 

Clouding of feeding fluid 
and ooagnlum 

Bemains almost clear 

Clear 

Clear 


Macrophages 

Killed and ‘fixed’, almost 
life-like 

Some fatty change pre- 
cedes death and ‘fixation’ 

After short survival round 
oif, shrink, tend to break 
up, thus ‘flLxed’ 

Slight granulation, 
nutoaes proceed • 

Normal morphology, 
mitoses frequent 


Fibroblasts 

Killed and ‘fixed’, 
life-like, some roundw 
off* 

Break up, roimd off, 
J^ed and ‘fixed * 

Growth-zone killed; few 
cells mow _ out alter 

transplantatioTi 

Amount of outgrow* re- 
duced against co^w. 
Eecovepf after tians- 


• No outgrowth after transplantation. 

In the macrophage cultures, where there is no coagulum, CTi^ 
is a more direct one than in the fibroblast colonies which are ((x) vival 

a coagnlum, and (6) contain sheltered cells in the interior. Hence t e 
of some such cells in 1(H, which should not be interpreted as mdicatmg „ 
resistance. Of special interest is the ‘fixing’ effect of CTAB which in fal^S 
concentrations results in a paradoxical appearance of the tr^ c 
obviously deleterious action of CTAB in the higher „l 30 

linked up with its protein precipitating and ‘fi^g’ properties, 
account for its disinfecting action. In transferring the above res 
conditions great reserve is necessary. Repeated or prolonge app ^ 
CTAB (10-2 to 10-®) to infected wounds might presume I certain 

sterilization, unless CTAB is rapidly inactivated by wound ^aker, 

pbosphohpids have been reported to inhibit detergent robably 

Lrrison & Miller, 1941]). Tbe damage to living tissue cells, wbi 
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affect onlr very superficial layers, should not vrcigh too heavily against the 
advantage gained from the destruction of bacteria. 

I Irish to Prof. A. A. MCes and hi 5 coHeagnes at the Birminghanj Accident Hospital for 
npp’ies of the drag and snevestion* in connexion •nith thc«c investigation!. 
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The taking of hlood for haemoglobin estimation. By J. M. Petebsok, 
D. EL Steaxgeways and R. C. .Joedax. [The Physiology Institute, and the 
Anatomy Department, University College, CardijJ) 


An investigation of the variations in haemoglobin content of blood dravm by 
different pmeedures from three individuals has been made. The estimations 
have been carried out by a technique involving the use of a photo-electric 
abiorptiometer nrhereby replicates of 0-02 c.c. from the same sample of human 
blood can be analysed with a standard deviation of 0T4 g. Bl»/100 c.c. of blood. 
The following conclusions have been made: 

(1) Replicate samples of finger blood, made temporarily static by a con- 
Etricting band, or of ear blood from the same individual show the same stan- 
dard deviation of about 0-4 g. Hb/100 c.c., which is markedly greater than the 
analytical error shown above. 

(2) The mean haemoglobin content of samples of free-fiowing blood ob- 
tained from the finger without a constricting band does not differ from that 
of samples taken during constriction although the standard deviation obtained 
for the former is less than that with constriction by 0-12 g. Hb/100 c.c. blood. 

(3) Blood samples squeezed from the finger through needle punctures have 
the same mean haemoglobin content as free-fiowing samples and, again, the 
standard deviation obtained for the free-flowing samples is less than for those 
obtained by squeezing by 0-14 g. Hb/100 c.c. 

(4) It appears unlikely that brief and complete venous occlusion causes anv 
change in the haemoglobin content of venous blood- 

Changes can be brought about, however, by prolonged stasis. Two methods 
of causing stasis of the circulation of the arm have been employed Bv one 
method a sample of blood is obtained which has been static in the vei^ for 
5 mia. .ad is presumably act aSeeted by change ia capillary blood, la th. 
oti» the »»bjec*ed to a high blood preasam for 3 mia. aad bW 

“e r„pC “ “““"O htP the y.ta 
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The samples obtained by either method sometimes show differences in 
haemoglobin content from those obtained with minimum stasis. The first 
method seems to give a reduction in haemoglobin concentration probably by 
sedimentation in the vein, and the second usually, but not always, a rise 
probably due to haemoconcentration in the capillaries. 

The authors find no foundation for objections to temporary vascular stasis 
or squeezing in the taking of blood samples for haemoglobinometry except that 
the standard deviation may be slightly increased. 
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A method for the investigation of the action of antiseptics on the 
growth of epithelial tissue. By J. M. Robson*. From (Itc Dcpcirlmcnt 
of Pharmacology, University of Edinburgh 

An essential property of any antiseptic to be used in the treatment of lesions 
of the living body Ls that it should produce its action on micro-organisms 
without interfering with the repair processes. With the folloAving method, 
quantitative data on the effect of various substances on the growth of epithelial 
tissue in riro can be obtained. 

The vaginal epithelium of mice consists of but two layers of fiat epithelial 
cells readily accessible to substances introduced into the vagina. The sub- 
cutaneous injection of 0-5 mg. of oestradiol dipropionate produces proliferation 
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Fig. 1. Showing the effect of brilliant green on 
the growth of the vaginal epitheh'uni. Each 
curve represents the average for five mice. 
Curve J: control mice; vagina untreated. 
Curve B : three applications of O-Oi! c.c. 0-1 
of brilliant green to the vagina on three con- 
eeeutive days, the first being given at the 
time of injection of oestradiol dipropionate 
(O-o mg.). Curve C: three applications of 
0-02 c.c. 1-0 'io of brilliant green to the vagina 
on three consecutive da\-3, the first being given 
at the time of injection of oestradiol dipro- 
pionate (05 ni".). 


of the vaginal epithehmn which is maintained for several weeks, the mice 
remaining in full oestrus for at least 3 weeks. The condition of growth of 
the vaginal epithehum can be determined by taking vaginal smears and 
estimated in a semi-quantitative manner by a method previouslv described 
[Robson, 1938] for evaluating these smears. Following the administration of 
the oestrogen, the mav^um value is reached in a few days and maintained 
for more than 3 weeks (curve A m Fig. 1), - .men 

b - 
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Tie application to the 'vagina of substances 'which interfere with the growth 
of the epithehum produces an inhibition of the growth response to the standard 
dose of oestradiol dipropionate given at the same time", and characteristic 
curves are obtained ■with Various antiseptics. Brilhant green and gentian 
violet produce marked inhibition of epithehal growth as judged by this method. 
The effect of acriflavine knd profla'vine is much smaller, while repeated 
apphcations of sulphonamides (sulphanilamide powder, sulphathiazole, 30 % 
solution of sodium sulphacetamide) do not in any way interfere 'with the 
epithehal gro'wth^ ' ‘ _ 
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A fkctor in pancreatin which influences the growth of tissues in vitro. 

By J. N. Da'vidson and C. Waymouth. Fi-omlhe Physiology Department, 

University of Aberdeen . 

/ 

Crystalline ribonuclease has been found [Davidson & Waymouth, 1043] to 
have no influence qn the gro'wth-promoting properties of embryo extract 
towards fresh explants of the 9-day chick embryo heart cultivated tn vdro 
according to the roller-tube technique of WiUmer [1942]. On the other hand, 
crude ribonuclease preparations prepared from pancreatin [Dubos & Thompson, 
' 1938] have been found to contain a factor which influences markedly the growth 
of the cultures. Cultures grown tn a mixture of embryo extract and the factor 
have a smaller area, a more compact and dense appearance and a much higher 
nucleoprotein content than control cultures grown in embryo extract alone. The 
cells of the treated cultures are well nourished and polyhedral in appearance and 
show more mitotic figures than the more elongated cells of the control cultures. 

The material which produces this effect can be purified by extraction from 
aqueous solution ■with phenol. It is stable to heat in shghtly acid solution, but 
its acti'vdty is destroyed after heating at 100° for 30 min. in faintly alkaline 
solution. It contains 13-6 % N and 2-0 % P. Of the •total N 13-0 % is pr^en 
tn the form of amino N and this figmce rises to 68‘7 % after acid hydro ysis. 
Tests for arginine and tyrosine are positive. _ 

The characteristic effect produced by this material has not been ^ 

any other substance so far tested, including phosphopeptone prepare ^ om 
casein, insulin and the ribonucleic acid of the pancreas. 
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The effect of progesterone on the guinea-pig uterus. By J. AoLEr, anti 
6. H. Bell., From the institute of Physiologif. Uniirrsit)/ of Glasgow 

't has been shown [Bell, 1911] that the threshold dose of o.vytocin required to 
)roduee a contraction of the uterus of the guinea-jiig {u vivo decreases as, 
iregnancv advances. The period of low rcacti\'ity coincides with tlic period of 
ictivitr of the corpus luteuni. Bell & Rob.son [193G] found, however, that 
3rogestin had no effect on the reaotinty of the non-proguant guinea-pig uterus 
•n viro. They used either crudnluteal e.vtracts or small amounts of progesterone 
ifhich had then just become available. As this ncgnti%-e finding might have 
been due simply to inadequate dosage of the hormone, these c.vperimente have 
been repeated using much larger doses— up to a total of 30 mg. progesterone 
over 3 days. The results are given in the table. In spite of the great variability 

Threshold dose of otvtocm o.u. ... Up to Over 0-01 Over 

0 01 to 0-1 01 

Xo. of animals treated oath ocstrin or tritU lat^c 9 3 0 

foUieJe-s is oranes 

Xo. of animals treated with progesterone or with 3 7 2 

corpora lafea in ovaries 

of the results there is a statistically significant tendency for the progesterone- 
fi^ted uteri to be less reactive. The overlap of these findings tvith those 
obtained in the pregnant uterus renders it unnecessary to invoke the presence 
of a new hormone in early pregnancy to explain the unreactive phase. Fiurther, 
the amplitude of the spontaneous contractions of the progesterone-treated 
oteri varied much more from animal to animal than did the amplitude in the 
oostrin-treated uteri. These findings on reactivity and acti^^ty suggest that 
the progesterone-treated uterus is more easily influenced by emdronmental 
conditions, e.g. state of growth or tension, than is the oestrin-treated uterus. 

The expenses of this work were dofraj-ed bj- the Rankin lledical Research Fund of the 
Tfniversitj' of Glasgow, 
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Haemalum-BiirantiB-anUine blue. A general-purpose staining 
method. By A. Mabshall and 0. A. Trowell. From the Physioloqu 
Department, D niversity of Edinburgh 


The MaUory, A^an, Masson and van Gieson methods achieve a selective 
stainmg of coUagen fibres but the staining of the other tissue elements is 
somewhat diffuse. The method to be described provides the selective collagen 
stammg of the A. an method together with a precise and colour-differenlfed 
staming of nuclei, mnscleaiytoplasm, epithelial cytoplasm and red blooTc^^ 


J 
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The method, which is applicable .to parafHn sections of any organ after any 
of the ordinary fixatives, is as follows: 

(1) Haemalum (Mayer’s), 16 min., followed by tap water. 

(2) Aurantia (ammonium hexanitro-diphenylamine) (B.D.H.), 0-5 % solu- 
tion in 70 % alcohol, 6 min, or longer. Wash. 

(3) Phosphotnngstic acid 5%,^1 hr. Wash. j 

(4) Aniline blue, 0-26 % solution of water-soluble _anihne blue (Gurr) in 
0-2% acetic acid, ^hr. Wash. 

(6) Blot off as much water as possible. 

(6) Dehydrate in terpineol, 2 min. Wipe off surplus, 

(7) Xylol, a few min. only. Mount. 

Alcohol dehydration is avoided because in the case of ^ohie organs the phos- 
photungstic acid renders the aurantia staining alcohol-soluble. Terpineol is the 
only dehydrating agent discovered which has no effect on the aurantia. A jar 
of terpineol will last a long time if a few lumps of anhydrous calcium chloride 
are added to it. ■ 

Results. Nuclei dark brown, muscle cytoplasm golden yellow, epithelial 
cytoplasm pale purphsh brown, collagen dark blue, elastic laminae (e.g. 
arteries) bright yellow, red blood c'eUs bright orange. ^ 
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Measurement of renal blood flow. By C. A. Keele and D. Slojie. 
{Departments of Physiology and Pharmacology, Middlesex Hospital Medical 
School, London) 

Two methods used in anaesthetized cats are described. 

(1) Plethysmograph and venous occlusioti. The kidney is enclosed in a plethys- 
mograph and connected to a volume recorder. The method of Brodie & 
Russell [1905] is used, the renal vein being temporarily occluded by an electro- 
magneticaUy operated compressor. The rate of increase of volume recorded 
IB a measure of renal blood flow which is finally expressed as c.c./lOO g. of 
kidney/min. 



(2) Venous shunt. In some cats, especially pregnant ones, the left ovarian 
Tein can be cannulated close to its site of junction with the left renal vein (see 
Rig. 1). Complete obstruction of the renal vein at A causes the blood from the 
kidney to be shunted via the cannula and the rate of flow can be measured 
directly. The animal is heparinized, a glass cannula inserted, and then the 
camula, rubber tubing and graduated glass tube B are filled with blood to 
point 0 by temporary obstruction of the renal vein. Glass tube B is then 
placed horizontally at a height which just balances the pressure in the renal 
vein so that the blood level remains at point 0. Complete obstruction at A 
causes blood to flow along tube B, and the time taken for 1 or 2 c.c can be 


c 
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measured witli a stop watch, or the distal end of tube B can be connected bj 
air transmission to a volume recorder writing on a moving smoked drum. The 
latter method is preferable as the slope of the recorded line is a continuous 
measure of rate of flow. The blood level is restored to 0 by temporarily raising 
tube B. The advantages of this method are that renal blood flow is measured 
directly with removal of only a few c.c. of blood from the animal, that no 
manipulation of the kidney is required, and that venous congestion is avoided. 

REFJEBENCE 

Brodie, T. G. & Eussell, A. E, [1905], J. Physiol. 32, xlvii. 

Diuretic action in man of ‘ old ’ post-pituitary extract. By J. Masks. 
{Department of Physiology, Middlesex Hospital Medical School, London) 

A commercial extract of posterior pituitary prepared in 1931 gave unusual 
diuretic responses when injected 11 years later in man. It also produced 
flushing of the face, pjnexia and a feeling of cold and shivering lasting some 
hours. The specimen was sterile though the possibility of previous bacterial 
contamination could not be excluded. 



Slg. 1. Rg. 2. 

Fig, 1. Ordinate: volume of urine in o.c./hr. 

Fig, 2, Ordinate; total chloride excretion in urine in g*/hr. 

Tp both figures, abscissa: time in hours. At arrow in each figure inject 5 units of 1931 pituitrin 
(curves A) or 1942 pituitrin {curves B) intramuBonlaxly and 1 L of water drunk. 

(1) In a subject on a standardized diet and water intake, 6 umts of the old 
extract increased the flow of urine during the next 3 hr. above the maximum 
level of a 24:-day control period; there was a sign^cant increase in arinarf 
chloride concentration and in total output. Fresh pituitary extracts decrease 
the urinary flow below the control minimum for 6 hr. (without subsequen 
diuresis) and raised total Cl excretion less markedly. Typhoid vaccine mjec 
tions which produced the same general reactions as the ' old ’ extract eorease 

the mrinary flow. 



SOCIETY, 2 OCTOBER im 13 P 

(2) Given to subjects after ingestion of 1 or 2 1. of vrater, the old extract 
produced an initial diuresis (generally greater rritb bigger doses) reacbing its 
peak after I br. ■vritb a fiov at rates up to 1000 c.c./br. (Fig. 1, 4). There vras 
only a small fall in nrinarr specific gravity or in Cl concentration and there vras 
conssquentlv a large rise in total Cl output (Fig. 2. A). The increase in urea 
eicietion vras less evident. The urinary changes were unrelated to the circu- 
latory alterations. After a variable interval the secondary diuresis set in vrhich 
vas identical in character vrith the single delayed diuresis follovring injection 
of fiesh preparations. 

• The peculiar pharmacological properties of the ‘old’ extract vrere not dhe to 
simple ageing of the sample as other specimens of the same date and serial 
number produced normal uncomplicated antidiuretic effects. Exposure of 
fiesh preparations to air for 75-95 days did not modify their activity. 


Effects of histamine and insolin on gastric secretion, with gastro- 
scopic observation of the secreting stomach. By A. Moetox Gill. 
(Department of Physiology, Middlesex Hospital Medical School, London) 

Histamine acts directly on the gastric mneosa; insnlin by prodneing hypo- 
gfyeaemia sets up a nervous secretion refiexly via the vagL 

Ttcl.niqvt, All otiserrations -Frere carried out oa fartmg rabjects criug coiitinDcras aspiration, 
after pr eiiTTimjir p remoTal of the resting jmee. Soluble insnlin {7 tmits) is given inbravenonilvst 
40 ran. an^ histamine 0-5 mg. snbcntaneonslv 20 min. later; since hvpoglpcaemia develops in 
lain, after intravenous msnlin and the histamine reaction tates 10-20 Tnin. to develop, this 
tern g ensures a summatiDn of nervems and chemical secretion. The total Braonnt collected each 
10 min, is measured and titrated and a graph, sho-stiag volume and acid concentration, plotted, 
teas than 7 units of insnhn produces insaficient stimulation, rtith taore than 9 units bvpo- 
giveaemia map be, alarming; 7 units is optiaaL The volume of juice secreied per rnm for the 
00 min. foUovring the histamine injection has also been estimated- Each enpeiimeiit lasts 100 
van. to ensure that the effects of both insulin and histamine have ceased- 


Material and results. One hundred and sirty-one individuals were examined 
including thirt-een normal controls, the remainder having gastrodnodenal 
ulceration or infl a mma tion; in all a fractional gruel test meal was also per- 
formed, and gastroscopic examination of the lestmg stomach. The average 
normal response to the double stimulation was a maxiTrinTr, HCl concentra- 

tion of 100-120 cc. A'; 10 HQ/lOO c.c. of gastric juice, and a secretion rate of 
2-5-3-5 c.c./min. The degree of response followed closelv the type of mneosa 
being greatest (180-200 c.c, A'/IO HQ % and secretion of 6-7 c.c /min.) hi 
individuals whose mucosa was hypertrophic, minimal in those with mucosal 
atrophy following long-standing chronic gastritis. Of twenty-five individuals 
showing compile acUorhydria after gruel, only those with extensive diffne. 
mucosal atrophy failed to secrete HCl after histamine -insnlin- of +1,7-1 
twenty-five, four were otherwise normal and their histamine -insulin gastric 

c2 
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response (h.i.g.e.) was likewise Jaormal. Repeated h.i.g.b. on tke same indi- 
vidual have sliowii a reasonable degree of constancy; the response after 
histamine -f insulin is always greater than after either stimulus alone. Gastro- 
Bcopic observation of the normal stomach after histamine -f- insulin shows no 
change in the character or colour of the mucosa, which exudes a clear fluid, 
forming rivulets between the folds and trickling down to form a pool in the 
most dependent portion of the stomach. A similar response was obtained after 
the ingestion of 2 fluid oz. of concentrated meat extract, secretion proceeding 
without visible alteration of the mucosa. However, in view of the failure to 
obtatn vasodilatation and the fact that this follows vagus stimulation in« 
animals, aU the above gastroscopic observations were repeated, gastroscopy 
being performed from 1 to 2 hr. after histamine and insulin, after the ingestion 
of concentrated meat extract and after the ingestion of a light lunch consisting 
of fish, potato and rice pudding; in every case a diffuse hyperaemia of the 
mucosa was fovmd. It would therefore, appear that, in man, secretion begins 
before vasodilatation becomes visible. 


Magnesium-calcium antagonism in blood clotting. By G. B. Gbeville 
and H. Lehmann. (Runwdl Hospital, nr. Wickford, Essex) 


The addition to blood of neutral salts in high concentration (final molanty 
0-2 and higher) prevents clotting, which can then be induced by dilution. We 
have found that MgClj is an anti-coagulant at lower concentration! than the 
above. Provided that the concentration is not too high, its efl'eot can be over- 
come by the addition of CaClj as well as by dilution. 

When human plasma, obtained without anti-coagulant, was mixed with 
1/10 vol. of 0"5 M MgClj, giving a final concentration of 0-04^ M, and left at 
room temperature, no clot appeared in 10 days. 0’05 M liIgCl 2 was also effective 
with whole blood. Wfhen this concentration was obtained by adding 1 vol. of 
M/7 MgClg to 2 vol. of blood, the cells remained undamaged, as judged from 
stained films and hanging drops. These findings may therefore be of practica 


value. .... f 

The prevention of clotting by Mg++ is due to a competitive inhibition o 
Ca"*^ activation. We have established this in various ways. The simplest ex 
periment shows that CaCla added in a concentration which does not accelera 
the normal clotting rate can overcome a complete inhibition by MgC^. 

Each tube contained 1 ml. human plaama, obtained by centrifuging blood in cooled paraffin 
tubes, with additions as below. Temp. 22® C.: 

12 3 4 


Water (nd.) 

0'03 M CaCl, (ml.) 
04 M MgOl, (ml.) 
Clotting time 


0-2 


0-1 

0-1 


01 

0-1 

00 ( >3 dsya) 


0-1 

0-1 

135 min. 


13 min. 


13 min. 
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Thesiion effects resemble those in the adenosine triphosphatnsc of mvosin. 
Here again activates [Needham, 1942]. and :Mg^ inhibits by competing 
with the Ca-^ [Greville & Lehmann, 1943]. Further, supra-optimal concentra- 
tions of CaCL inhibit both myosin actinty [Greville k, Lehmann, 1943] and 
blood dotting [Home, 1896]. Presumably both these processes involve at one 
stage the formation of a complex between Ca"^ and two organic molecules : 
adenosine triphosphate and myosin in the one system, thrombokinase and 
prothrombin in the other. 

, REFERENCES 

■ Greville, G. D. t Lehmann, H. [1943]. Xaiure, Lond^ 152. SI. 

Home, R. M. [1S96]. J. Phyiid. 19, 356. 
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The definition of the National Physical Lahoratorj’ Haldane haemo- 
glohin standard. By C. G. Douglas. E. M. Jope, H. il. Jope, R. G. 
IffACPAELAXE and J. B. P. 0 ’Bp.iek 

The following estimations were made on forty-nine blood samples from normal 
adults: 

Oxygen capacity, by the van Slyke constant voinme apparatus, checked by 
carbon monoxide capacity. In eleven cases readings were also made on the 
Haldane gas analysis apparatus, which gave a mean figure 0-35 c.c. % lower 
than the corresponding estimations on the van Slyke apparatus. 

Saemogtobin iron, by the TiCl 3 method, against standard iron wire. 

■ Baemoglobin, by Haldane’s colorimetric method, against the National 
Fhysical Laboratory standard. 

Red cell count and haematocrit using standardized apparatus. 

Ultra-violet aiid visible absorption spectra by means of a Hilger E 3 medium 
gnartz spectrograph, and Spekker photometer (ribbon filament lamp), the 
plates being matched on a photoelectric micro-photometer. The results in the 
visible range agree closely with estimations made at the National Physical 
Laboratory. 

From these results it is calculated that blood equivalent to 100% of the 
N.PJL. standard has the following mean values: 19-88 c.c. 03%;49-83nig_ . 

0-17 million R.B.C./c.mm. ; 44-3% p.c.v.; HbOg, (A=4I4in^) l-20o!' 

Six samples of blood, in which the haemoglobin was estimated at the N PJL 
by direct comparison with the standard colour tube by means of their visual 

colorimeter, gave the following values equivalent to 100 %Hb: 19-67 CP n o/ . 

«^20 mg. Fe%-, HbOj. £[=^0 (A==414m/r) 1-180; HbCO, (A=io40^ni^) 

The difference between these two sets of results is presumably due to the 
slightly lower readi^ of haemoglobin estimated by Haldane’s dSuB^ 
method, as compared with those obtained on the N.P.L. coloLei 
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Haemolysins in urine. By Ebio Ponder. 

(Nassau Hospital, Mineola, N.Y.) 

Haemolytic substances in urine were first described by McKee [1916], who 
thought that their appearance might have some pathological significance, and 
were fo\ind to occur in over 90 % of normal human urines by Ponder [1921 o, 6]. 
Abels [1934] showed that the lytic substance is heat stable, soluble in ethyl 
alcohol but not in most organic solvents, adsorbable on activated charcoal, 
inhibited by plasma proteins, cholesterol and lecithin, and inactivated at pH 
8‘0-9'0. On the basis of these and other properties he tentatively identified 
it as the lysin of B. coli. 

I have been able to isolate a haemolytic organism from every one of a large 
number of actively haemolytic urines obtained from supposedly normal indi- 
viduals. The methods used for determining the lytic activity were the same as 
those previously used by me and by Abels, and a urine was considered actively 
lytic if 0'2 ml. produced complete lysis in the usual test system in 3 hr. at 37° C. 
These urines were ipvariably acid. Each was plated out on blood agar, and 
any haemolytic colonies which appeared were transferred to appropriate media 
so as to give pure cultures. The organisms, in pure culture, were then suspended 
in saline and shown to be lytic for the test system. Sometimes no haemolytic 
colonies appeared on the blood agar, in which case each of the prevailing types 
of colony were grown in pure culture and tested in suspension for haemolytic 
activity. One has to be cautious in labelling an organism as non-Ilhemolytic, 
because many bacteria (e.g. B. coli) are haemolytic only at certain stages of 
their growth. 

In about four-fifths of the cases the lytic organism was identified as B. coh 
communis. In the remainder, it was Streptococcus haemolyticus or B. proleus, 
except in a few cases in which the bacterium was not identified. The frequency 
with which bacteria, and B. coli in particular, can be isolated from apparently 
normal urines has been pointed out by Marple [1941]. Haemolytic strains may 
occur even in catheter specimens of urine, and I have not yet found a urine to 
be haemolytic when no growth could be obtained in culture. 

The observation of Abels & Rhoads [1938], that the urine of persons suffering 
from aplastic anaemia is characteristically non-lytic, but that it becomes lytic 
on boiling with acid, requires further elucidation. 
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A protein of low density prepared from human serum. By G. S. Adair 
and Muriel E. Adair. {Physiological Laboralory, Untvcrsily of Cambridge) 

Eoche, Doner & Samuel [1936] reported that in order completely to precipitate 
globulin from human serum, 60% saturation vdth ammonium sulphate is 
required. 

Human serum was precipitated with 33% saturation of ammonium sulphate 
to remove euglobulin and then with 50% saturation to remove pseudo- 
globulin. We found that if the saturation of ammonium sulphate were then 
raised to 60% a small quantity of precipitate formed and on standing rose to 
the surface of the fluid, the density of which was M7. Previous investigations 
[Adair k. Adair, 1936] have shown that densities exceeding 1-23 were required 
for the flotation of euglobulin and of serum albumin. The light ftaction was 
soluble in media of low densities, but by an indirect method wliich will be 
described in a later paper it was found that the density might be as low as 
MO. 

A fraction purified by reprecipitation appeared to be almost homogeneous 
when investigated in the Tiselius cataphoresis apparatus, after dialysis against 
Af/15 phosphate buffer 6-8. The nitrogen content of this preparation was 
6-44%; organic phosphorus was 0-67 %. Lipoid analyses gave 8-5% of phos- 
phoUpoid, 16-5% of cholesterol and 20-4 of fatty acids. We are greatly 
indebted to Dr Popjdk for the lipoid analyses. The lipoid content is thus con- 
siderably higher than that reported for ^ globulin by Blix, Tiselius <t Svensson 
[1941]. 

The molecular weight of our preparation, estimated from the osmotic 
pressure, was 370,000. The membrane potentials were approximately equal to 
those of serum albumin, at the same concentrations of nitrogen. 

Serological tests of the material were carried out against an antiserum 
prepared by injection of crystalline human serum albumin into a rabbit and 
against an antiserum prepared by injection of total human globulin. The 
globulin was obtained by 50% saturation of human serum with ammonium 
sulphate and had been reprecipitated twice. 

Both antisera reacted rapidly with their homologous antigens. With the 
protein of low density, only trace reactions were obtained after long standing. 
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fasting on the protein content of the li4r. By 

. Kostehlitz and Isobel D. CBAiiB. (Dejpartmerd of Physiology, 
Marischal College, Aberdeen) 

Addis, Poo and Lew [1936] found that rats fasted for 2 days lost 20% of the 
protein content of their livers while the loss of protein in the other organs 
amounted to only 4%. 

In the present investigation, an attempt was made to correlate the loss of 
ver protein caused by fasting with changes in the phosphoHpin and nucleo- 
protein contents. 


Male hooded rats of 400 to 460 g. body weight, fed on the stock diet or fasted for 24 or 48 hr., 
were fcOled by decapitation. The ground Uvers were first extracted with trichloroacetic acid; the 
residue was extracted twice with cold alcohol, twice with hot alcohol-ether mixture (3 : 1) and 
once warm ether. Phoapholipin-P was determined in this extract. Protein-N and nucleo- 
protein-P were estimated in the residue. 


The results are given in Table 1, 


Ped rats (0) 

Rats fasted for 24 hr. (4) 
^ss (%) 

Bats fasted for 48 hr. (6) 
Loss (%) 


Fed rats (6) 

Bats fasted for 24 hr. (4) 
Loss (%) 

Rats fasted for 48 hr. (6) 
Loss {%) 


Table 1 


Relative 
liver weight 
g. hver/100 g. 

original 
body weight 
(before fasting) 
3-40±O'13 
2'43 ±0-09 
-29-8 
2-32 ±0-05 
-33 


Protein-N 

Phospholipin-P 

19- 8 ±0-4 

20- 3 ±0-5 

20-3 ±0-2 


Liver 

phospholipin-P 
ing./lOO g. 

origin oT 
body weight 
4-79 ±013 
3-81 ±0-20 
- 20-6 
3-56 ±0-13 
-25-9 


26-0 ±0-2 
23-4 ±0-4 

23-2 ±0-4 


Liver 

nucleoprotein-P 
mg./lOO g. 

original 
body weight 

3-79 ±0-12 
3-31 ±0-10 
-12-7 
3-11 ±0-09 
-17-9 


170±8 

248±16 

259 ±19 


liver 
protein-N 
mg./lOO g. 

original 
body weight 

94-9 ±2-2 
77-3 ±3-3 
-18'6 
72-2 ±2-2 
-23-9 

Nuclei in 
10"’ o-ram. 

embedded 
liver X relative 
fiver weight 
688 
602 

600 


Nuclei in 

Protein-N io-> o.mm. 
Nucleoprotein-P embedded fiver 


No differentiation was made between cytoplasmic and nuplear nucleo- 
proteins which may be lost at 'different rates. The decrease in liver weight is not 
caused by a decrease in the number of bver cells but by a decrease in the volume 
of each individual ceU. 

In another series of experiments on 12 female rats ranging in weight from 
127 to 250 g. and kept under varying nutritional conditions, the ratio protein- 
N/phosphobpin-P was 20-6 ±0-2 while the ratio protein-N/nucleoprotein-P 
varied from 18-4 to 24'6. This remarkable constancy of the former ratio sug- 
gests that, although the ‘stored’ protein is readily given up by a 24 hr. fast, 
together with the phosphoKpins it probably forms a structural part of the 
cytoplasm. 
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The effect of trauma on the release of histamine from blood cells 
in vitro. By 6. Ukgab. {Depariment of Human Anatomy, University of Oxford) 

Gold k Dragstedt [1942] have shoAvn that appreciable amounts of histamine 
are released vhen rabbit blood is mixed ■vrith peptone. This reaction provides 
a convenient method for the study of certain problems connected vrith systemic 
changes resulting from trauma. 

Blood vras collected by cardiao puncture and coagulation mw prevented by heparin or 
‘Liqaoide’; 0-5 c,c. of each sample rras mixed vrith 1 c.c. of salinO (.d) and another 0-5 c.c. vrith 
1 C.C. of a 1-3% peptone solution (B). After centrifuging for 10 min., tho supernatant fluid was 
collected and diluted to 6 c-c. Histamine was estimated by the usual technique, using the guinea- 
pig fleum as test object. Results are given in jtg. of histamine dihydrochloride per c.c. of blood. 
The amount of histamine released is given by the difference between the two samples, taking into 
Bccount the direct action of peptone (P) on the intestine {H =8 -A - P). 

Table 1 confirms that histamine b released in vitro from the blood of normal 
gainea-pigs, and shows that the amount is reduced (<j) in the refractory phase 
follovring the iniectiou of peptoue, aud (6] after trauma administered under 
ether anaesthesia [Ungar, 1943]. Eestoration of the normal rate of release runs 
parallel with healing. Haemorrhage without tissue injury has no effect on 
Histamine release. 

Tabije 1 


No. of 



(ig./c.c. 

±S.E. 

AniTtiftla 

Control 

0d9 

0-02 

39 

Peptone 

500mg./kg. 

hours after 

0-04 

04)2 

8 

24 hours after 

0-04 

003 

7 

100 mg./kg. 

1 hour after 

0-06 

0025 

8 

20 hours after 

0-11 

0-02 

8 

2 days after 

0-18 

0-04 

8 

60mg./kg. '' 

2 hours after 

0-12 

0-05 

8 

10 mg./kg. 

2 boura after 

0-24 

0-02 

8 

24 hours after 

0-n 

005 

8 

Tratuna 

0-95 kgaa. 

1 hour after 

0-22 

0-045 

8 

3 hours after 

0-225 

0-03 

8 

4 hours after 

0-05 

0-02 

16 

2 days after 

004 

0-02 

8 

6 days after 

006 

0-03 

8 


No. of 



pg./c.c. 

±S.E. 

animals 

Trauma (cant.) 

0-95 kg.m. 

9-10 days after 

0-11 

0-03 

15 

19 days after 

0-1 

0-025 

10 

23-24 days after 

0-22 

003 

9 

0-42 kg.m. 

3 days after 

0-075 

0-03 

8 

8 days after 

0-11 

0-03 

7 

11 days after 

0-27 

0-08 

6 

0-21 kg.m. 

5 hours after 

0-05 

0-02 

8 

4 days after 

0-11 

0-015 

7 

6 days after 

0-17 

0-01 

7 

S days after 

0-21 

0-05 

7 

0-055 kg.m. 

6 hours after 

0-25 

0-03 

g 

24 hours after 

0-27 

0-025 

8 

Haeraorrhage 

1 % body weight 

4 hours after 

0-23 

0*01 


24 hours after 

0-23 

0-015 

t 

8 


These facte can be related to the reduction in post-traumatic mortalitv as n 
result of previous miury (Noble, 1943; Ungar, 1943). J' a 
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The higher centres and the blood-sugar curve. By C. I^hd. 

{Physiology Department, London Hospital Medical College) 

In the following experiments bearing on the relation of the higher centres to 
the behaviour of the blood-sugar curve, a mature bitch, weight 12-6 kg., trained 
to stay quietly on a Pavlov stand, was used throughout. The animal was de- 
prived of food for 24 hr. before the observations were made. An initial sample 
of blood was taken for the sugar determination and followed by glucose by 
stomach tube (2-6 g./kg. body weight in 400 ml. water) or into a vein (1 g./kg. 
body weight). Blood samples were taken at hourly intervals afterwards for 
6 hr. Control days wnthout sugar were also run. 

These observations alternated with others in which the animal was allowed 
every hr. or so to sniff and to taste minimal quantities of finely minced horse 
flesh. In this way it was hoped to stimulate the islets of Langerhans via psychic 
mechanisms through their vagus supply. 

An experiment was done not oftener than onee every week for a period of 
12 months. 

Illustrative results in one period of 4 weeks : 


Blood siigar mg. % 

A 


Type of exp. 

0 hr. 1 hr. 

2 hr. 

3 hr. 

4 hr. 

6 hr. 


Sugar by stomach tube 

82 117 

112 

101 

D2 

80 


Control 

77 80 

70 

76 

77 

74 


Sugar by stomach tube 

78 108 

64 

60 

68 

66 

Meat sniffing 

Control 

80 74 

68 

66 

64 

60 

and tasting 


Statement of results 




. The blood-sugar curves were ( 

consistent for 

any 

one type of experiment 


in the series. 

2. The sniffing and tasting of meat after giving sugar were followed by a 
more rapid lowering of the blood sugar than in the corresponding experiments 
without the exhibition of meat. In addition, snifling and tasting meat without 
sugar caused a fall in blood sugar. 

3. These results suggest that the output of insulin is increased after activa- 
tion of the higher centres through the olfactory and gustatory mechanisms. 


A physiological factor in food metabolism. By I. Habkis and 
C. E. Vebnon (introduced by H. E. Roaf) 

In their first paper [1942a] McCance and co-worker found a negative Ca 
balance under brown, after a period of white bread intake; in their secon 
[19426] a decreased absorption. They blamed phytic acid for this unwanan 
ably. The ions and moleotiles of the body remain constant within narrow 
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Absorption of Ca depends also on availability of other substances v-hich compete 
with each other for the limited space in tissues and blood. Phosphorus in 
particular stands in reciprocal irelation to Ca. Phosphorus and other substances 
are present in much larger quantities in brown bread. Apparently part of Ca in 
the body is replaced by phosphorus and some excreted into the bowels, giving 
rise to a negative balance. We carried out the following experiment: A subject 
was kept on a constant Ca intake and a constant diet for one period. In a 
second period under the same Ca intake and diet phosphorus and other sub- 
stances were added. First period of Ca output 78 % of intake. First three days 
of 2nd period, 160%; ultimately Ca 133%. In the dephytinized bread there 
has been so much interference that many new factors come into play, and 
the experiments, therefore, prove nothing. 

Xationnl whtsatmeal bread 
mtboat added Ca 

■White bread , ' , 

period 1st 2nd 3rd 4th Last 
14 days week week week week 3 days 

pJVoLmc.c. S35 1179 1327 1607 159S 1735 Figures are daily averages 

ICa 324) 31'5 35-0 37-3 34-4 42'6 and Ca is % output in 

CainO+F 89-6 12S-7 155'6 139-5 118-5 114-3 relation to intake. 

txpenment contmues. 

The balance experiments of McCance were not carried out long enough. It is 
clear from our experiments that urinary volume and urinary Ca are raised — a 
fact incompatible with a mere decreased absorption. Large numbers of people 
have eaten brown bread all their lives without sho'wing Ca deficiency, which 
IS incompatible witb a permanent negative balance. 

REFERENCES 

iIcCance. R. A. & Widdowson, E. W. [1942a]. J. Physiol. 101, 44. 
llcCnnee, R. A. & WiddowEon, E. JL [19426]. J. Physiol. 101, 360. 

The haemoglobin equivalent of the N.P.L. Haldane standard. By 
E. J. King, M. Gilchrist and A. Matheson. {The British Postgraduate 
Medical School, London) 

Substitution of the Clegg and King (1942) alkaline haematin method for 
Hb (100% Hb = 16-6 g. Hb or 20-9 ml. Oj) for the classical Haldane procedure 
(100% Hb = 13-8 g. Hb or 18-5 mL Oj) in routine blood analyses resulted in a 
much smaller fall in average percentage figures than was expected This 

prompted an investigation of the strength of the Haldane standard colour 
tubes. 

Haldane Hb estimations on a large number of bloods were compared with 
accurate Fe analyses and photometric haematin estimations. Oar Haldane 
colour standards and dilution tubes were standardized by the National 
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Matthews [1933] has described a similar increase in sensitivity in the stretch 
endings of striated mnscle after giving chloroform. The action on stretch 
receptors may be a common feature of all volatile anaestheticSj while fte 
occurrence of shallow breathing probably depends on the extent to which 
other mechanisms are affected simultaneously. 
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The relationship of phosphoUpin to the absorption of unhydrolysed 
fat from the intestine. By J. J. Elkes* and A. 0. Ebazbh. 
{Pliarmacology Department, Tlie Medical School, University of Binning m 

Erazer & Stewart [1939] showed that protein formed a protective layer around 
a soap-stabilized oU globule. With Elkes & Schulman [1943] they have recently 
demonstrated that such emulsions flocculate when mixed with protem 
suitable pH, due to the formation of a protein monolayer at the ’ 

This flocculation can be prevented by the inclusion of phosphohpm m 

interfaoial film. . 

Macfarlane & Knight [1941] showed that type A Cl. Wekhi 
a lecithinase which broke the substrate into phosphocholine and a dig y 
This enzyme caused creaming in a lecithin stabilized emulsion. 

Using these two methods, the emulsion formed in the lumen of the m 
and that found in the blood at the height of fat absorption has been stu^ . 

If rats are fed with olive oil and MUed 3 hr. later, emulsified fat ^ 
obtained from the intestine and from the blood, and a sampk of ra p 
can be prepared. If the intestinal emulsion was tested with ra p ■ 
flocculation immediately occurred, but with lecitlmase no c 
in 12 hr A soap-stabilized emulsion introduced mto the mtes g 
rA it.. The chylomicton. on tb. 

discrete particles which showed no sign of flocculation, 
complete breaking of this blood-fat emulsion. . . ^ „ ,^en of the 

It is suggested that the interfacial film of the emulsion ^be ^ 

intestine contein. no pboapholipin-it » P*-* 

chylomicron, however, has phospholipin at t e m ^ ^ fat passes 

of the stabilizing film. Erazer [1938] has shorm Aence 

in a finely divided state through the mtestma ce globule 

Sto the systemic blood. Phospholipin appears to be added to the g 

.* Sir Halley Stewart Besearoh Fellow, 
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ir transit. From the work of Sinclair [1936] it seems likely that this incor- 
ooration of phosphohpin into the interfacial film may occur in the intestinal cell. 

We wish to thank Site Slncfariane and Dr Knight for providing us with the Iccithinaso used 
in these experiments. 
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Oxygen in the blood emerging from the brains of post-mature 
foetal rabbits. By Joseph Baeoroft {Cambridge) and I. Maueeex 
Tottkg {Bedford College) 

(1) Barcroft, Flexner, Herkel, McCarthy & McClurkm [1936] showed that 
in normal pregnant rabbits, the blood emerging from the uterine vein contained 
progressively less oxygen till at term, when it was reduced to about 30% 
saturation; this raised the question of how post-mature foetuses, which may 
be upwards of double the weight of normally bom ones, fare for oxygen. 

(2) Snyder & Rosenfeld [1937] observed that post-mature foetuses in utero 
make active respiratory movements, which are abolished by the administration 
of nitrogen to the mother, from which they, the authors, argued that the 
movements are not caused by oxygen lack. 

Observations were made to throw light on both the above points . 

Blood from venous sinuses of foetal brain {average figures) 

Rabbits injected with prolan on 2oth day Control rabbits 


— , , » 

Orrgen Oxygen 


Foetal 

Foetal 

Capacity 

Content 

Satn- 

Foetal 

Capacitv 

Content 


age 

days 

weight 

g- 

c.c. per 100 
of blood* 

C.C, per 100 
of olcKxi 

ration 

%t 

weight 

g- 

c.c. per 100 
of blood 

c.c. per 100 
of blood 

ration 

%t 


Haldane, 

standardized 

Van Slyke 


Haldane, 

Btandardiz^ 

Van Slyke 

27 

28 


by Van Blyke 




by Van Slyke 



33 

ii-i 

6-8 

62 

26 

12-5 

6-3 

53 

29 

30 

45 

12-7 

7-1 

62 

46 

13-2 

6-6 

44 

31 

— 

— 

— 

42 

12-1 

6-5 

43 

32 

60 

15-4 

6-9 

47 

17-4 

9-0 

63 

33 

69 

16-7 

6-1 

30 



— 

— 

34 

71 

16-8 

3-3 

23 



— 

— 

36 

74 

14-0 

20 

15 



— 

— 

36 

79 

Dead or moribund 




— 


From jugular vein. t Calculation from capacity of blood used for content determination. 
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To J. Hanuaond, Jnr., our thanks are due for prolongation of ike— 
gestation periods by injection of 100 units of human pregnancy urine extract 
intravenously and 9 mg. progesterone in oil subcutaneously. To judge of the 
oxygen atmosphere to which the brains of the foetuses were subjected we 
collected samples from the venous sinuses by intracranial pimcture. 

During the period of post-maturity the oxygen saturation of the blood from 
the brain deteriorates progressively, the oxygen capacity rises up to the 
34:th day. The foetuses therefore pass through a period of moderate anoxaemia 
(which may well contribute to respiratory activity) to reach one of profound 
anoxaemia and ultimate death. The placental mechanism for the supply of 
oxygen appears imable to keep up with the foetal growth. 
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